A proteogenomic view on antibiotic resistance in pathogenic Enterobacter species by Nepal, Suruchi
  
 University of Groningen




IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2019
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Nepal, S. (2019). A proteogenomic view on antibiotic resistance in pathogenic Enterobacter species.
[Groningen]: University of Groningen. https://doi.org/10.33612/diss.103413360
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.
Download date: 11-12-2019
537819-L-bw-Nepal
Processed on: 13-11-2019 PDF page: 9
  
               Chapter 1
'ĞŶĞƌĂůŝŶƚƌŽĚƵĐƟŽŶĂŶĚƐĐŽƉĞŽĨƚŚĞƚŚĞƐŝƐ
537819-L-bw-Nepal




Processed on: 13-11-2019 PDF page: 11
    11






Microorganisms have been present on earth since nearly 3.5 billion years 1,2
ĂŶĚ͕ ũƵĚŐĞĚďǇ ƚŚĞŝƌƵďŝƋƵŝƚŽƵƐƉƌĞƐĞŶĐĞ͕ ƚŚĞǇĐĂŶƵŶĚŽƵďƚĞĚůǇďĞĐůĂƐƐŝĮĞĚ
as ‘designated survivors’. Their habitats range from the soil and water to 
ĂĐŝĚŝĐĞŶǀŝƌŽŶŵĞŶƚƐ͕ĂŶĚƚŚĞǇĂƌĞĞǀĞŶƉƌĞƐĞŶƚ ŝŶƌĂĚŝŽĂĐƟǀĞůǇĐŽŶƚĂŵŝŶĂƚĞĚ
environments 3 or the deepest point of the earth’s crust in the Mariana trench 
4. This ability of bacteria and other microorganisms to thrive and survive in 
ŚŝŐŚůǇ ǀĂƌŝĂďůĞĂŶĚŽŌĞŶĞǆƚƌĞŵĞĞŶǀŝƌŽŶŵĞŶƚƐŚĂƐ ƚƌŝŐŐĞƌĞĚ ƐƚƌŽŶŐ ŝŶƚĞƌĞƐƚ
ŝŶĮŶĚŝŶŐŽƵƚŚŽǁƚŚĞǇŵĂŶĂŐĞƚŽĚŽƚŚŝƐ͘dŚĞƐĞĐƌĞƚƐƚƌĂƚĞŐŝĞƐĞŵƉůŽǇĞĚďǇ
ďĂĐƚĞƌŝĂĂƌĞĞŶĐƌǇƉƚĞĚŝŶƚŚĞŝƌƌĞƐŽƵƌĐĞĨƵůE͕ǁŚŝĐŚŝƐƚŚĞƌĞƐƵůƚŽĨŵƵůƟƉůĞ
ŝŶƚƌĂͲ ĂŶĚ ŝŶƚĞƌƐƉĞĐŝĞƐ ŐĞŶĞƟĐ ĞǆĐŚĂŶŐĞƐ͕ ƐƉŽŶƚĂŶĞŽƵƐ ŵƵƚĂƟŽŶ ĚƵƌŝŶŐ ƚŚĞ
ĐĞůů ĐǇĐůĞĂŶĚĞǆƚĞŶƐŝǀĞ ƐĞůĞĐƟŽŶĚƵƌŝŶŐŵƵůƟƉůŝĐĂƟŽŶŽĨ ƚŚĞƉŽƉƵůĂƟŽŶ ŝŶĂ
ƉĂƌƟĐƵůĂƌĞĐŽůŽŐŝĐĂůŶŝĐŚĞ͘ůůŽĨƚŚĞƐĞĨĂĐƚŽƌƐŚĂǀĞĐŽŶƚƌŝďƵƚĞĚƚŽƚŚĞŐĂƌŶĞƌŝŶŐ
of genes that confer resistance to environmental stress, especially physical and 
ĐŚĞŵŝĐĂů ŝŶƐƵůƚƐ͘ZĞŐĂƌĚůĞƐƐŽĨ ƚŚĞŝƌŐĞŶĞƟĐƉŽƚĞŶƟĂů͕ďĂĐƚĞƌŝĂĐĂŶĐŚŽŽƐĞ ƚŽ
ĞǆƉƌĞƐƐŽƌƌĞƉƌĞƐƐƚŚĞƐǇŶƚŚĞƐŝƐŽĨƉĂƌƟĐƵůĂƌƉƌŽƚĞŝŶƐ͕ǁŚŝĐŚƐƵŝƚƚŚĞŵƚŚĞŵŽƐƚ
ĨŽƌ ƚŚƌŝǀŝŶŐ Žƌ ƉĞƌƐŝƐƟŶŐ ŝŶ Ă ŐŝǀĞŶ ĞŶǀŝƌŽŶŵĞŶƚ 5. In view of their immense 
ƉŽƚĞŶƟĂůĨŽƌĂĚĂƉƚĂƟŽŶƚŽĞŶǀŝƌŽŶŵĞŶƚĂůĐŚĂŶŐĞƐ͕ďĂĐƚĞƌŝĂĐĂŶďĞĐŽŶƐŝĚĞƌĞĚ
as the triumphant and most ubiquitous form of life. 
'ĞŶĞƟĐĞǆĐŚĂŶŐĞŝŶďĂĐƚĞƌŝĂ
dŚĞŐĞŶŽŵĞŽĨďĂĐƚĞƌŝĂů ƐƉĞĐŝĞƐ ŝƐĚǇŶĂŵŝĐĂŶĚƐƵďũĞĐƚĞĚ ƚŽĐŽŶƟŶƵŽƵƐ ůŽƐƐ
ĂŶĚŐĂŝŶŽĨŐĞŶĞƟĐ ŝŶĨŽƌŵĂƟŽŶ͘dŚĞ ƌĞƐƉŽŶƐŝďůĞƉƌŽĐĞƐƐĞƐĂƌĞ ƌĞĨĞƌƌĞĚ ƚŽĂƐ
ŚŽƌŝǌŽŶƚĂů ŐĞŶĞ ƚƌĂŶƐĨĞƌ ;,'dͿ͕ ŐĞŶŽŵŝĐ ƌĞĂƌƌĂŶŐĞŵĞŶƚ ĂŶĚ ĚĞůĞƟŽŶ ĞǀĞŶƚƐ͕
ĂŶĚŵƵƚĂƟŽŶ6,7͘'ĞŶĞƟĐĞǆĐŚĂŶŐĞďǇ,'dŝƐĨĂĐŝůŝƚĂƚĞĚďǇƚŚĞŵĂƟŶŐŽĨďĂĐƚĞƌŝĂ





from the host’s chromosome (e.g. plasmids), their need to integrate into the
host’s chromosome (e.g. genomic islands and integrons), and their ability
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ƚŽ ŝŶƐĞƌƚ Ăƚ ĚŝīĞƌĞŶƚ ƉŽƐŝƟŽŶƐ ŝŶ ƚŚĞ ŚŽƐƚ Ɛ͛ ĐŚƌŽŵŽƐŽŵĞ ;Ğ͘Ő͘ ƚƌĂŶƐƉŽƐŽŶƐ͕
ŝŶƐĞƌƟŽŶ ƐĞƋƵĞŶĐĞƐ͕ ĂŶĚ ŝŶƚĞŐƌĂƟǀĞͲĐŽŶũƵŐĂƟǀĞ ĞůĞŵĞŶƚƐͿ͘ ůƚŽŐĞƚŚĞƌ͕  ƚŚĞƐĞ
ƉƌŽĐĞƐƐĞƐĂƌĞĐƌƵĐŝĂůĨŽƌƚŚĞĞǀŽůƵƟŽŶŽĨŵŝĐƌŽďŝĂůŐĞŶŽŵĞƐ͘
Plasmids usually carry genes that are not strictly needed for the survival of 
ƚŚĞ ĐĞůů͘ ,ŽǁĞǀĞƌ͕  ƚŚĞǇ ŽŌĞŶ ƉƌŽǀŝĚĞ ƚŚĞ ŽƉƉŽƌƚƵŶŝƚǇ ƚŽ ĐŽƉĞ ǁŝƚŚ ĐĞƌƚĂŝŶ
ĞŶǀŝƌŽŶŵĞŶƚĂůŝŶƐƵůƚƐƚŽǁĂƌĚƐǁŚŝĐŚƚŚĞĐĞůůǁŽƵůĚďĞŶĂƚƵƌĂůůǇƐĞŶƐŝƟǀĞ͘&Žƌ
ĞǆĂŵƉůĞ͕ƉůĂƐŵŝĚƐŽŌĞŶĐĂƌƌǇŐĞŶĞƐƚŚĂƚĐŽŶĨĞƌƌĞƐŝƐƚĂŶĐĞƚŽƚŽǆŝĐĐŽŵƉŽƵŶĚƐ͕
such as heavy metals 8,9,10Žƌ ƚŚĞĂŶƟďŝŽƟĐƐƉƌŽĚƵĐĞĚďǇ^treptomycetes 11 or 
fungi 12. 
'ĞŶŽŵŝĐ ŝƐůĂŶĚƐ͕ ĂĐƋƵŝƌĞĚďǇ,'d͕ ŵĂǇďĞĚĞĮŶĞĚ ĂƐ ƐƉĞĐŝĮĐ ƌĞŐŝŽŶƐ ŽĨ ƚŚĞ
chromosome that act as a harbor for horizontally transferred genes. They typically 
ŚĂǀĞĂƐŝǌĞŽĨхϭϬŬďĂŶĚĂƌĞŇĂŶŬĞĚďǇĚŝƌĞĐƚƌĞƉĞĂƚƐŝŶƚŚĞEƐĞƋƵĞŶĐĞĂŶĚ
ƚZEͲĞŶĐŽĚŝŶŐŐĞŶĞƐ͕ǁŚŝĐŚƚŽŐĞƚŚĞƌĚĞĮŶĞƚŚĞĂƌĞĂǁŚĞƌĞŝŶƐĞƌƟŽŶŽĨĨŽƌĞŝŐŶ
E ĐĂŶ ŽĐĐƵƌ ;&ŝŐƵƌĞ ϭͿ͘ DŽƐƚůǇ͕  ƚŚĞ ŝŵŵĞĚŝĂƚĞ ŶĞŝŐŚďŽƌŚŽŽĚ ŽĨ ŐĞŶŽŵŝĐ
ŝƐůĂŶĚƐŝƐĐŚĂƌĂĐƚĞƌŝǌĞĚďǇŽƚŚĞƌŵŽďŝůĞĂŶĚĂĐĐĞƐƐŽƌǇŐĞŶĞƟĐĞůĞŵĞŶƚƐ͕ƐƵĐŚĂƐ
ĐŚƌŽŵŽƐŽŵĞͲƌĞƐŝĚĞŶƚďĂĐƚĞƌŝŽƉŚĂŐĞƐ;ŝ͘Ğ͘ƉƌŽƉŚĂŐĞƐͿ͕ƉůĂƐŵŝĚƐ͕ĂŶĚŝŶƐĞƌƟŽŶ
ƐĞƋƵĞŶĐĞƐ͘ŽŶƐĞƋƵĞŶƚůǇ͕ ŐĞŶŽŵŝĐ ŝƐůĂŶĚƐƉůĂǇĞƐƐĞŶƟĂůƌŽůĞƐ ŝŶƚŚĞĂĚĂƉƟǀĞ
ĞǀŽůƵƟŽŶ ŽĨ ďĂĐƚĞƌŝĂ͘ ŽŵŵŽŶ ƉŚǇƐŝŽůŽŐŝĐĂů ĨƵŶĐƟŽŶƐ ĞŶĐŽĚĞĚ ďǇ ŐĞŶŽŵŝĐ
ŝƐůĂŶĚƐĂƌĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚĂŶƟďŝŽƟĐŽƌŚĞĂǀǇŵĞƚĂůƌĞƐŝƐƚĂŶĐĞ͕ƉĂƚŚŽŐĞŶĞƐŝƐ͕
ƐĞĐŽŶĚĂƌǇ ŵĞƚĂďŽůŝƐŵ͕ ĂŶĚ ƚŚĞ ĚĞŐƌĂĚĂƟŽŶ ŽĨ ǆĞŶŽďŝŽƟĐƐ 13. Overall, the 




ĂŶĚ ƉƌŽǀŝĚĞ ĂĚĂƉƟǀĞ ĂĚǀĂŶƚĂŐĞƐ 13,14,15  that will be useful under certain 
ŐƌŽǁƚŚĂŶĚĞŶǀŝƌŽŶŵĞŶƚĂůĐŽŶĚŝƟŽŶƐ͕ĨŽƌŝŶƐƚĂŶĐĞďǇŝŶĐƌĞĂƐŝŶŐƚŚĞŵĞƚĂďŽůŝĐ
ĚŝǀĞƌƐŝƚǇ ĂŶĚ ƌĞƐŝƐƚĂŶĐĞ ƚŽ ŚĂǌĂƌĚŽƵƐ ĞŶǀŝƌŽŶŵĞŶƚĂů ĐŽŶĚŝƟŽŶƐ͘ Ɛ Ă ƌĞƐƵůƚ͕
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ǁŚŝĐŚŚĂǀĞ ƌĞƐƵůƚĞĚ ĨƌŽŵŚŽƌŝǌŽŶƚĂů ŐĞŶĞ ƚƌĂŶƐĨĞƌĞǀĞŶƚƐ͘dŚĞǇĂƌĞŽŌĞŶ ŝŶƐĞƌƚĞĚĂƚ
ƚZEŐĞŶĞƐĂŶĚŇĂŶŬĞĚďǇĚŝƌĞĐƚƌĞƉĞĂƚƐ;ZͿ͘hƐƵĂůůǇ͕ ƚŚĞǇĐĂƌƌǇŐĞŶĞƐƚŚĂƚĨĂĐŝůŝƚĂƚĞ
ŐĞŶĞƟĐŵŽďŝůŝƚǇ͕ ƐƵĐŚĂƐŝŶƚĞŐƌĂƐĞƐĂŶĚƚƌĂŶƐƉŽƐĂƐĞƐ͕ďƵƚŝŶƐĞƌƟŽŶƐĞƋƵĞŶĐĞƐ;/^ͿŵĂǇ







/Ŷ ƚŚŝƐ ƌĞƐƉĞĐƚ ŝƚ ƐŚŽƵůĚ ďĞ ŶŽƚĞĚ ƚŚĂƚ͕ ŝŶ ƉƌŝŶĐŝƉůĞ͕ ďŽƚŚ ĂŶƟďŝŽƟĐ ƐǇŶƚŚĞƐŝƐ
ĂŶĚ ƚŚĞ ĂďŝůŝƚǇ ƚŽ ƌĞƐŝƐƚ ĂŶƟďŝŽƟĐƐ ĂƌĞ ĂŶĐŝĞŶƚ ƚƌĂŝƚƐ ƚŚĂƚ ĞǆŝƐƚĞĚ ůŽŶŐďĞĨŽƌĞ
ĂŶƟďŝŽƟĐƐǁĞƌĞ ĚŝƐĐŽǀĞƌĞĚ ĂƐ ĚƌƵŐƐ ƚŽ ĮŐŚƚ ŝŶĨĞĐƟŽŶƐ 17,18,19,20͘ &Žƌ ŝŶƐƚĂŶĐĞ͕
 Đ͛ŽƐƚĂ Ğƚ Ăů͘ ŚĂǀĞ ĚĞƐĐƌŝďĞĚ ƚŚĞ ƐƚƌƵĐƚƵƌĞ ĂŶĚ ĨƵŶĐƟŽŶ ŽĨ ĂŶ ĂŶĐŝĞŶƚ vanA
resistance element that confers resistance to vancomycin in a similar manner
ĂƐ ƚŽĚĂǇ Ɛ͛ ƉƌĞĚŽŵŝŶĂŶƚ ǀĂƌŝĂŶƚƐ͕ ƐƵŐŐĞƐƟŶŐ ƚŚĂƚ ƚŚĞ ǀĂŶĐŽŵǇĐŝŶ ƌĞƐŝƐƚĂŶĐĞ
ƉƌĞĚĂƚĞƐƚŚĞŵŽĚĞƌŶƐĞůĞĐƟǀĞǀĂŶĐŽŵǇĐŝŶƉƌĞƐƐƵƌĞĚƵĞƚŽƚŚĞĐůŝŶŝĐĂůƵƐĞŽĨ
ƚŚŝƐĂŶƟďŝŽƟĐ 19,21͘ĚĚŝƟŽŶĂůůǇ͕ ŵŝĐƌŽŽƌŐĂŶŝƐŵƐĨŽƵŶĚ ŝŶĂĐĂǀĞƚŚĂƚƉƌŽďĂďůǇ
remained isolated from the surface for four million years were shown to harbor 
ĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞŐĞŶĞƐ17͘dŚĞƐĞŽďƐĞƌǀĂƟŽŶƐĂƌĞĐŽŶƐŝƐƚĞŶƚǁŝƚŚƚŚĞǀŝĞǁ
ƚŚĂƚ ĂŶƟďŝŽƟĐ ƉƌŽĚƵĐƟŽŶ ŝƐ Ă ĐĞŶƚƌĂů ĞůĞŵĞŶƚ ŝŶ ƚŚĞ ƐƚƌƵŐŐůĞ ĂŵŽŶŐŵŝĐƌŽͲ
ŽƌŐĂŶŝƐŵƐƚŽƉƌŽƚĞĐƚƚŚĞŝƌĞĐŽůŽŐŝĐĂůŶŝĐŚĞĂŐĂŝŶƐƚƉŽƚĞŶƟĂůĐŽŵƉĞƟƚŽƌƐ͕ƚŚĞƌĞďǇ
ŝŶĐƌĞĂƐŝŶŐƚŚĞŝƌƌĞƉƌŽĚƵĐƟǀĞƐƵĐĐĞƐƐĂŶĚĞŶƐƵƌŝŶŐƐƵƌǀŝǀĂůŽĨƚŚĞƐƉĞĐŝĞƐ͘dŚĞ
ĮƌƐƚ ďĂĐƚĞƌŝĐŝĚĂů ĂŶƟďŝŽƟĐ ĚŝƐĐŽǀĞƌĞĚ͕ ƉĞŶŝĐŝůůŝŶ͕ ǁĂƐ ĚĞƌŝǀĞĚ ĨƌŽŵ ƚŚĞŵŽůĚ
Penicillium notatum 22͘dŽĚĂǇ͕ ǁĞŬŶŽǁĂǁŝĚĞǀĂƌŝĞƚǇŽĨĂŶƟďŝŽƟĐƐƉƌŽĚƵĐĞĚ
by fungi and Streptomyces ƐƉĞĐŝĞƐ͘ KĨ ƉĂƌƟĐƵůĂƌ ƌĞůĞǀĂŶĐĞ ĨŽƌ ƚŚĞ ƌĞƐĞĂƌĐŚ
ĚĞƐĐƌŝďĞĚŝŶƚŚŝƐƚŚĞƐŝƐŝƐƚŚĞŐƌŽƵƉŽĨĂŶƟďŝŽƟĐƐŬŶŽǁŶĂƐĐĂƌďĂƉĞŶĞŵƐ͕ǁŚŝĐŚ
ĂƌĞ ĨŽƌ ĞǆĂŵƉůĞ ƉƌŽĚƵĐĞĚ ďǇ ^ƚƌĞƉƚŽŵǇĐĞƐ ĐĂƩůĞǇĂ (thinemycin), or Erwinia 
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cartovora and Photorhabdus luminescens, which produce Car (1-carbapen-2-
ĞŵͲϯͲĐĂƌďŽǆǇůŝĐĂĐŝĚ͖^YϮϳϴϲϬͿ23 and related compounds.
ƐĞǀŝĚĞŶƚ ĨƌŽŵŚƵŵĂŶŚŝƐƚŽƌǇ͕  ďĂĐƚĞƌŝĂů ŝŶĨĞĐƟŽŶƐŚĂǀĞ ĐĂƵƐĞĚŚƵŶĚƌĞĚƐŽĨ
ŵŝůůŝŽŶƐŽĨĚĞĂƚŚƐĞǀĞƌǇǇĞĂƌĂĐƌŽƐƐƚŚĞǁŽƌůĚƵŶƟůƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨƉĞŶŝĐŝůůŝŶ
in the 20thĐĞŶƚƵƌǇ͘dŚĞĚŝƐĐŽǀĞƌǇŽĨƚŚŝƐĮƌƐƚĐůŝŶŝĐĂůůǇƐƵĐĐĞƐƐĨƵůĂŶƟďŝŽƟĐďǇ
^ŝƌ ůĞǆĂŶĚĞƌ &ůĞŵŝŶŐ ŝŶ ϭϵϮϴ͕ ĂŶĚ ƚŚĞ ĨŽůůŽǁŝŶŐǁŽƌŬďǇ ^ŝƌ,ŽǁĂƌĚtĂůƚĞƌ
&ůŽƌĞǇĂŶĚƌŶƐƚŽƌŝƐŚĂŝŶďƌŽƵŐŚƚĂďŽƵƚĂƉĂƌĂĚŝŐŵƐŚŝŌŝŶƚŚĞǁĂǇŝŶĨĞĐƟŽƵƐ
ĚŝƐĞĂƐĞƐĐŽƵůĚďĞƚƌĞĂƚĞĚ͕ƐĂǀŝŶŐĐŽƵŶƚůĞƐƐŽĨůŝǀĞƐ͘^ ƵďƐĞƋƵĞŶƚůǇ͕ ƚŚĞƐĞĞŵŝŶĞŶƚ







However, none of these were nearly as powerful as penicillin and, ever since 
ƚŚĞĐůŝŶŝĐĂůƵƐĞŽĨƚŚŝƐĂŶĚŽƚŚĞƌĂŶƟďŝŽƟĐƐďĞĐĂŵĞƉŽƐƐŝďůĞ͕ƚŚĞŵŽƌƚĂůŝƚǇĚƵĞ
to communicable disease has decreased steadily. This applies not only to the 
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class of carbapenems, was introduced in 1985 and resistance to imipenem was 
ŽďƐĞƌǀĞĚĂůƌĞĂĚǇŝŶϭϵϴϳ͘dŚĞĮƌƐƚĐĂƐĞŽĨŝŵŝƉĞŶĞŵƌĞƐŝƐƚĂŶĐĞǁĂƐĚŽĐƵŵĞŶƚĞĚ
ďǇ >ǇŶĐŚĞƚĂů͘ 26͕ ƐŚŽǁŝŶŐ ƚŚĞĂƐƐŽĐŝĂƟŽŶďĞƚǁĞĞŶ ŝŵŝƉĞŶĞŵƌĞƐŝƐƚĂŶĐĞĂŶĚ
a loss of outer membrane proteins, which was accompanied by decreased
ƉĞŶĞƚƌĂƟŽŶ ŽĨ ƚŚĞ ĂŶƟďŝŽƟĐ ƚŚƌŽƵŐŚ ƚŚĞ ŽƵƚĞƌ ŵĞŵďƌĂŶĞ ŽĨ ƚŚĞ ƉĂƚŚŽŐĞŶ
Pseudomonas aeruginosa͘^ƵďƐĞƋƵĞŶƚůǇ͕ ĂĐĐŽƌĚŝŶŐƚŽƚŚĞh^ĐĞŶƚĞƌƐĨŽƌĚŝƐĞĂƐĞ
control, carbapenem resistant EnterobacteriaceaeǁĞƌĞĮƌƐƚĚĞƚĞĐƚĞĚŝŶĂEŽƌƚŚ
Carolina hospital in 2001 27͘dŚĞĐŽŶƐĞƋƵĞŶĐĞƐŽĨďĂĐƚĞƌŝĂůĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞ
ĂƌĞ ƐĞƌŝŽƵƐ͕ ĂƐ ŝƚ ƌĞŶĚĞƌƐ ƚŚĞ ƐƚĂŶĚĂƌĚ ĐůŝŶŝĐĂů ƚƌĞĂƚŵĞŶƚ ŝŶĞīĞĐƟǀĞ͕ ŝŵƉŽƐĞƐ
ƚŚĞ ŶĞĞĚ ĨŽƌ ŚŝŐŚĞƌ ĚŽƐĞƐ ŽĨ ĂŶƟďŝŽƟĐƐ ĂŶĚ ůĞĂĚƐ ƚŽ ƉĞƌƐŝƐƚĞŶƚ ŝŶĨĞĐƟŽŶƐ͕
ĂĐĐŽŵƉĂŶŝĞĚďǇĂŶŝŶĐƌĞĂƐĞĚƌŝƐŬŽĨƐƉƌĞĂĚƚŽŽƚŚĞƌŝŶĚŝǀŝĚƵĂůƐŝŶŚŽƐƉŝƚĂůƐĂŶĚ






dŚĞ ĂďŝůŝƚǇ ƚŽ ŵŽǀĞ ŐĞŶĞƐ ǁŝƚŚŝŶ ĂŶĚ ĂĐƌŽƐƐ ƐƉĞĐŝĞƐ ŝƐ Ă ŬĞǇ ĚƌŝǀĞƌ ŝŶ ƚŚĞ
ĞǀŽůƵƟŽŶ ŽĨ ďĂĐƚĞƌŝĂ͕ ĂŶĚ ƚŚŝƐ ŝƐ ĞƐƉĞĐŝĂůůǇ ƚƌƵĞ ŝŶ ƚŚĞ ĐĂƐĞ ŽĨ ĂŶƟďŝŽƟĐ
resistance. However, the rate at which resistant bacteria can spread through 
ŚƵŵĂŶƉŽƉƵůĂƟŽŶƐŚĂƐŐƌĞĂƚůǇŝŶĐƌĞĂƐĞĚƐŝŶĐĞƚŚĞŵŝĚĚůĞŽĨƚŚĞϮϬth century,
because the increased mobility through various means of public transport 
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ƚƵƌŶĞĚŽƵƚ ƚŽďĞĂ ƐƚƌŽŶŐ ĨĂĐŝůŝƚĂƚŽƌ ĨŽƌ ƚŚĞ ůŽĐĂů͕ŶĂƟŽŶĂů͕ ŝŶƚĞƌŶĂƟŽŶĂů͕ ĂŶĚ
ŝŶĐƌĞĂƐŝŶŐůǇ ŝŶƚĞƌĐŽŶƟŶĞŶƚĂů ĞǆĐŚĂŶŐĞ ŽĨ ƌĞƐŝƐƚĂŶĐĞ ŐĞŶĞƐ͘ &Žƌ ŝŶƐƚĂŶĐĞ͕ ƚŚĞ
Klebsiella pneumoniae ĐĂƌďĂƉĞŶĞŵĂƐĞ ;<WͿǁĂƐĮƌƐƚĚŝƐĐŽǀĞƌĞĚ ŝŶ ƚŚĞh^͕
but is now reported throughout the world 31͘dŚŝƐƵŶĚĞƌƐĐŽƌĞƐƚŚĞŶŽƟŽŶƚŚĂƚ
the emergence and spread of resistance genes is not simply a local issue, but
ƌĂƚŚĞƌĂŐůŽďĂůŝƐƐƵĞ͕ƚŚƌĞĂƚĞŶŝŶŐƚŚĞĂƉƉĂƌĞŶƚƐĞĐƵƌŝƚǇĨƌŽŵŝŶĨĞĐƟŽƵƐĚŝƐĞĂƐĞƐ
ǁĞŚĂǀĞĞǆƉĞƌŝĞŶĐĞĚ ĨŽƌĂ ƌĞůĂƟǀĞůǇ ƐŚŽƌƚƉĞƌŝŽĚŽĨƟŵĞ͘ /Ŷ ĨĂĐƚ͕ ƚŚĞƐƉƌĞĂĚ
ŽĨ ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶƚ ďĂĐƚĞƌŝĂ ŚĂƐ ďĞĞŶƉƌĞĚŝĐƚĞĚ ƚŽ ŚĂǀĞ ŐƌĂǀĞ ŝŵƉůŝĐĂƟŽŶƐ
for human health and the economy. To address this challenge for humanity, 
ƚŚĞtŽƌůĚ,ĞĂůƚŚKƌŐĂŶŝǌĂƟŽŶ ;t,KͿŚĂƐ ƌĞĐŽŐŶŝǌĞĚ ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ ĂƐ
Ă ƉƌĞƐƐŝŶŐ ŐůŽďĂů ƉƵďůŝĐ ŚĞĂůƚŚ ƉƌŽďůĞŵ ƌĞƋƵŝƌŝŶŐ ŝŵŵĞĚŝĂƚĞ ĂƩĞŶƟŽŶ 32. To
ƐƚĂƌƚǁŝƚŚ͕ĂůŝƐƚŽĨĂŶƟďŝŽƟĐͲƌĞƐŝƐƚĂŶƚ͚ƉƌŝŽƌŝƚǇƉĂƚŚŽŐĞŶƐ͕͛ ŐĞŶĞƌĂůůǇƌĞĨĞƌƌĞĚƚŽ
ĂƐ ƚŚĞ^<WƉĂƚŚŽŐĞŶƐ͕ǁĂƐƉƵďůŝƐŚĞĚ ŝŶϮϬϭϳ͘,ĞƌĞ͕^<W ƌĞĨĞƌƐ ƚŽ ƚŚĞ
ĚƌƵŐ ƌĞƐŝƐƚĂŶƚ ƌĞƉƌĞƐĞŶƚĂƟǀĞƐ ŽĨ ƚŚĞ ƐƉĞĐŝĞƐ Escherichia coli, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa and Enterococcus faecium. However, the current list catalogues 12 
ĨĂŵŝůŝĞƐŽĨĚƌƵŐƌĞƐŝƐƚĂŶƚďĂĐƚĞƌŝĂ͕ĨƵƌƚŚĞƌĚŝǀŝĚĞĚŝŶƚŽĐƌŝƟĐĂů͕ŚŝŐŚ͕ĂŶĚŵĞĚŝƵŵ
categories of priority 32͘ dŚĞ ĐƌŝƟĐĂů ĐĂƚĞŐŽƌǇ ŝŶĐůƵĚĞƐ ƌĞƉƌĞƐĞŶƚĂƟǀĞƐ ŽĨ ƚŚĞ
Enterobacteriaceae, which have evolved resistance mechanisms that render our 
͚ůĂƐƚƌĞƐŽƌƚĂŶƟďŝŽƟĐƐ͛ŝŶĞīĞĐƟǀĞ͘
ɴͲůĂĐƚĂŵĂŶƟďŝŽƟĐƐ
ƚ ƉƌĞƐĞŶƚ͕ ǁĞ ŬŶŽǁŵĂŶǇ ĚŝīĞƌĞŶƚ ĂŶƟďŝŽƟĐƐ ƚŚĂƚ ŝŶƚĞƌĨĞƌĞ ǁŝƚŚ ĞƐƐĞŶƟĂů
ďĂĐƚĞƌŝĂů ƉƌŽĐĞƐƐĞƐ͕ ƐƵĐŚ ĂƐ E ƌĞƉůŝĐĂƟŽŶ͕ ƚƌĂŶƐĐƌŝƉƟŽŶ͕ ƚƌĂŶƐůĂƟŽŶ͕
metabolism, integrity of the cytoplasmic membrane and cell wall biogenesis.
dŚĞ ɴͲůĂĐƚĂŵ ĂŶƟďŝŽƟĐƐ͕ ƐƚĂƌƟŶŐ ǁŝƚŚ ƉĞŶŝĐŝůůŝŶ͕ ŚĂǀĞ ďĞĐŽŵĞ ǀĞƌǇ ƉŽƉƵůĂƌ
ĚƵĞ ƚŽ ƚŚĞŝƌ ďƌŽĂĚ ƐƉĞĐƚƌƵŵ ďĂĐƚĞƌŝĐŝĚĂů ŵŽĚĞ ŽĨ ĂĐƟŽŶ ĂŶĚ ƌĞůĂƟǀĞ ĞĂƐĞ
ŽĨ ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘ dŚŝƐ ŐƌŽƵƉ ŽĨ ĂŶƟďŝŽƟĐƐ ŝŶĐůƵĚĞƐ ǀĂƌŝŽƵƐ ƉĞŶŝĐŝůůŝŶƐ͕
ĐĞƉŚĂůŽƐƉŽƌŝŶƐ͕ ƉĞŶĞŵƐ͕ŵŽŶŽďĂĐƚĂŵƐ͕ ĂŶĚ ƚŚĞ ĂĨŽƌĞͲŵĞŶƟŽŶĞĚ ůĂƐƚ ƌĞƐŽƌƚ
carbapenems 33͘ĐŽŵŵŽŶĨĞĂƚƵƌĞ ŝƐ ƚŚĞɴͲůĂĐƚĂŵƌŝŶŐƐƚƌƵĐƚƵƌĞĂƐĚĞƉŝĐƚĞĚ
ŝŶ &ŝŐƵƌĞ ϯ͕ ǁŚŝĐŚ ƐŚŽǁƐ ƐƚƌƵĐƚƵƌĂů ƐŝŵŝůĂƌŝƚǇ ƚŽ Ă ͲĂůĂŶŝŶĞͲͲĂůĂŶǇů ĂŵŝŶŽ
ĂĐŝĚƌĞƐŝĚƵĞƚŚĂƚĨŽƌŵƐƚŚĞƉƌĞĐƵƌƐŽƌŽĨƚŚĞĐĞůůǁĂůůƉĞƉƟĚŽŐůǇĐĂŶůĂǇĞƌ͘ dŚŝƐ
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ĂůůŽǁƐɴͲůĂĐƚĂŵĂŶƟďŝŽƟĐƐ ƚŽďŝŶĚ ƚŽ ƚŚĞ ƐŽͲĐĂůůĞĚƉĞŶŝĐŝůůŝŶͲďŝŶĚŝŶŐƉƌŽƚĞŝŶƐ
;WWƐͿ͘dŚĞƐĞWWƐƉůĂǇƉŝǀŽƚĂůƌŽůĞƐŝŶƚŚĞĨŽƌŵĂƟŽŶŽĨƚŚĞƉĞƉƟĚŽŐůǇĐĂŶůĂǇĞƌ
ƚŚĂƚƉƌŽƚĞĐƚƐďŽƚŚ'ƌĂŵͲƉŽƐŝƟǀĞĂŶĚ'ƌĂŵͲŶĞŐĂƟǀĞďĂĐƚĞƌŝĂĂŐĂŝŶƐƚŽƐŵŽƟĐ
lysis by withstanding turgor pressures of up to 24 atmosphere 34͘ /ŶĂĚĚŝƟŽŶ͕
the cell wall is an important determinant for the bacterial shape. The binding 






ĂŶ ĂĐĐƵŵƵůĂƟŽŶ ŽĨ ƉĞƉƟĚŽŐůǇĐĂŶ ƉƌĞĐƵƌƐŽƌƐ ŝŶ ƚŚĞ ƉĞƌŝƉůĂƐŵ͘ dŚŝƐ͕ ŝŶ ƚƵƌŶ͕
ůĞĂĚƐƚŽĚŝŐĞƐƟŽŶŽĨƐĂŝĚƉƌĞĐƵƌƐŽƌƐďǇŚǇĚƌŽůĂƐĞƐĂŶĚĂŚĂůƚŝŶƚŚĞŝƌƉƌŽĚƵĐƟŽŶ͘
ůƚŽŐĞƚŚĞƌ͕ ƚŚĞƐĞĞīĞĐƚƐĐĂƵƐĞƐĞǀĞƌĞůǇĐŽŵƉƌŽŵŝƐĞĚďĂĐƚĞƌŝĂůĐĞůůǁĂůůŝŶƚĞŐƌŝƚǇ͕ 
inevitably leading to cell lysis 36. 
&ŝŐƵƌĞϯ͗ŚĞŵŝĐĂůƐƚƌƵĐƚƵƌĞŽĨŝŵŝƉĞŶĞŵ;EͲĨŽƌŵŝŵŝĚŽǇůͲƟĞŶĂŵǇĐŝŶͿ37. The bond in the 
ɴͲůĂĐƚĂŵƌŝŶŐƚŚĂƚŝƐĐůĞĂǀĞĚďǇɴͲůĂĐƚĂŵĂƐĞƐŝƐŝŶĚŝĐĂƚĞĚǁŝƚŚĂŶĂƌƌŽǁ͘
DĞĐŚĂŶŝƐŵŽĨĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞ
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diverse environmental challenges, including those imposed by molecules with 
ĂŶƟďŝŽƟĐĂĐƟǀŝƚǇ38. This intrinsic resistance is a direct consequence of the fact
ƚŚĂƚ ĚŝīĞƌĞŶƚ ďĂĐƚĞƌŝĂ ĐĂŶ ƐŚĂƌĞ ƚŚĞ ƐĂŵĞ ĞĐŽůŽŐŝĐĂů ŶŝĐŚĞ ǁŝƚŚ ĂŶƟďŝŽƟĐͲ
ƉƌŽĚƵĐŝŶŐ ŽƌŐĂŶŝƐŵƐ͘ &ŽůůŽǁŝŶŐ ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ŝŶƚƌŝŶƐŝĐ Žƌ ĂĐƋƵŝƌĞĚ
ƌĞƐŝƐƚĂŶĐĞ͕ ƚŚĞ ƌĞƐŝƐƚĂŶƚ ďĂĐƚĞƌŝĂů ƉŽƉƵůĂƟŽŶ ǁŝůů ƋƵŝĐŬůǇ ƐƚĂƌƚ ƚŽ ŽƵƚŶƵŵďĞƌ
ƚŚĞƐƵƐĐĞƉƟďůĞƉŽƉƵůĂƟŽŶǁŚĞŶƚŚĞƌĞƐƉĞĐƟǀĞĂŶƟďŝŽƟĐŝƐƉƌĞƐĞŶƚ͘tŚĞƚŚĞƌ
ƚŚĞ ƐƵƐĐĞƉƟďůĞ ƉŽƉƵůĂƟŽŶ ŝƐ ƌĞƉůĂĐĞĚ ĐŽŵƉůĞƚĞůǇ ĚĞƉĞŶĚƐŽŶ ƚŚĞ ƌĞƐƉĞĐƟǀĞ




Ɛ ĞǆĞŵƉůŝĮĞĚ ďǇ ƚŚĞ ɴͲůĂĐƚĂŵ ĂŶƟďŝŽƟĐƐ͕ ďĂĐƚĞƌŝĂ ĞŵƉůŽǇ ĨŽƵƌ ĐŽŵŵŽŶ
ďŝŽĐŚĞŵŝĐĂůŵĞĐŚĂŶŝƐŵƐ ƚŽ ŝŶĐĂƉĂĐŝƚĂƚĞĂŶƟďŝŽƟĐƐ ;&ŝŐƵƌĞϰͿ 19,39͘ /Ŷ ƚŚĞĮƌƐƚ
ƉůĂĐĞ͕ĂŶƟďŝŽƟĐƐŵĂǇďĞĐŚĞŵŝĐĂůůǇŵŽĚŝĮĞĚŽƌĚĞŐƌĂĚĞĚ͘ŬĞǇŵĞĐŚĂŶŝƐŵ
ƚŚĂƚ ĐŽŶĨĞƌƐ ƌĞƐŝƐƚĂŶĐĞ ƚŽ ɴͲůĂĐƚĂŵ ĂŶƟďŝŽƟĐƐ ŝŶ 'ƌĂŵͲŶĞŐĂƟǀĞ ďĂĐƚĞƌŝĂ
ŝŶǀŽůǀĞƐƚŚĞƉƌŽĚƵĐƟŽŶŽĨɴͲůĂĐƚĂŵĂƐĞƐ͕ǁŚŝĐŚĂƌĞĞŶǌǇŵĞƐƚŚĂƚŚǇĚƌŽůǇǌĞƚŚĞ
ɴͲůĂĐƚĂŵ ƌŝŶŐ ŽĨ ƉĞŶŝĐŝůůŝŶƐ͕ ĐĞƉŚĂůŽƐƉŽƌŝŶƐ ĂŶĚ ĐĂƌďĂƉĞŶĞŵƐ͕ ƌĞŶĚĞƌŝŶŐ ƚŚĞ
ƌĞƐƉĞĐƟǀĞ ŵŽůĞĐƵůĞ ŝŶĞīĞĐƟǀĞ ;&ŝŐƵƌĞ ϯͿ͘ dŚĞƐĞ ɴͲůĂĐƚĂŵĂƐĞƐ ĂƌĞ ĞǆƉŽƌƚĞĚ
from the cytoplasm to the periplasmic space between the inner and outer
ŵĞŵďƌĂŶĞƐ͕ǁŚĞƌĞƚŚĞĮŶĂůƐƚĂŐĞƐŝŶƉĞƉƟĚŽŐůǇĐĂŶƐǇŶƚŚĞƐŝƐĂƌĞĐĂƚĂůǇǌĞĚďǇ
WWƐ͘dŚŝƐƉŚĞŶŽŵĞŶŽŶǁĂƐĮƌƐƚƌĞƉŽƌƚĞĚŝŶE. coli 40.^ƵďƐĞƋƵĞŶƚůǇ͕ ŚƵŶĚƌĞĚƐ
ŽĨɴͲůĂĐƚĂŵĂƐĞƐŚĂǀĞďĞĞŶŝĚĞŶƟĮĞĚ͘dŚĞŵƉƚǇƉĞɴͲůĂĐƚĂŵĂƐĞƐĞŶĐŽĚĞĚŽŶ
the chromosome of many Enterobacteriaceae and a few other microorganisms 
ĂƌĞŽĨƉĂƌƟĐƵůĂƌĐůŝŶŝĐĂůƌĞůĞǀĂŶĐĞĂƐƚŚĞǇŝŵƉĞĚĞƚŚĞĂĐƟŽŶŽĨŵŽƐƚƉĞŶŝĐŝůůŝŶƐ
ĂŶĚĐĞƉŚĂůŽƐƉŽƌŝŶƐ͕ƐƵĐŚĂƐĐĞƉŚĂůŽƚŚŝŶ͕ĐĞĨĂǌŽůŝŶ͕ĂŶĚĐĞĨŽǆŝƟŶ 41. The basal 
ĞǆƉƌĞƐƐŝŽŶ ůĞǀĞůŽĨŵŽƐƚampC ŐĞŶĞƐ ŝŶ ƚŚĞĂďƐĞŶĐĞŽĨĂŶƟďŝŽƟĐƐ ŝƐ ůŽǁ͕ďƵƚ
ƚŚĞƐĞŐĞŶĞƐǁŝůůďĞŝŶĚƵĐĞĚŝŶƚŚĞƉƌĞƐĞŶĐĞŽĨĂɴͲůĂĐƚĂŵ42,43,44͘/ŶĂĚĚŝƟŽŶƚŽ
chromosomally encoded ampC genes, plasmid-encoded ampC genes have been 
ĨŽƵŶĚ ŝŶ ƉĂƌƟĐƵůĂƌ ŶŽƐŽĐŽŵŝĂů ŝƐŽůĂƚĞƐ͘DŝŶŽƌ ĚŝīĞƌĞŶĐĞƐ ŝŶ ƚŚĞ ĂŵŝŶŽ ĂĐŝĚ
ƐĞƋƵĞŶĐĞƐŽĨ ƚŚĞ ƌĞƐƉĞĐƟǀĞĞŶǌǇŵĞƐŚĂǀĞ ůĞĚ ƚŽ ƚŚĞĚŝƐƟŶĐƟŽŶŽĨƉĂƌƟĐƵůĂƌ
AmpC families, such as MIR, ACT and DHA 45.
KƚŚĞƌ ƚǇƉĞƐ ŽĨ ĂŶƟďŝŽƟĐƐ ŵĂǇ ďĞ ŝŶĂĐƟǀĂƚĞĚ ďǇ ƚŚĞ ĂĚĚŝƟŽŶ ŽĨ ĂĐĞƚǇů Žƌ
ƉŚŽƐƉŚĂƚĞŐƌŽƵƉƐ͕ƚŚĞƌĞďǇƌĞĚƵĐŝŶŐƚŚĞŝƌĂďŝůŝƚǇƚŽďŝŶĚƚŽƚŚĞƌĞƐƉĞĐƟǀĞƚĂƌŐĞƚƐ͘
537819-L-bw-Nepal
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ůƚĞƌŶĂƟǀĞůǇ͕  ďĂĐƚĞƌŝĂ ŵĂǇ ůŽǁĞƌ ƚŚĞ ĞīĞĐƟǀĞ ĂŶƟďŝŽƟĐ ĐŽŶĐĞŶƚƌĂƟŽŶ ďǇ
ĚĞĐƌĞĂƐŝŶŐƚŚĞŝƌƉĞƌŵĞĂďŝůŝƚǇĨŽƌƚŚĞƌĞƐƉĞĐƟǀĞĂŶƟďŝŽƟĐƚŚƌŽƵŐŚƚŚĞŵƵƚĂƟŽŶ
ŽĨ ŽƵƚĞƌ ŵĞŵďƌĂŶĞ ƉŽƌŝŶƐ͕ Žƌ ďǇ ĞŶŚĂŶĐĞĚ ĂĐƟǀĞ ĚƌƵŐ ĞǆƚƌƵƐŝŽŶ ƚŚƌŽƵŐŚ
ŽǀĞƌĞǆƉƌĞƐƐŝŽŶŽĨĞŋƵǆƉƵŵƉƐ 39;&ŝŐƵƌĞϰͿ͘/ŶƚŚĞĐĂƐĞŽĨƌĞƐŝƐƚĂŶĐĞƚŽɴͲůĂĐƚĂŵ
ĂŶƟďŝŽƟĐƐ͕ ƚŚĞ ůĂƩĞƌ ƚǁŽŵĞĐŚĂŶŝƐŵƐŵĂǇ ƐǇŶĞƌŐŝǌĞǁŝƚŚ ƚŚĞ ƉƌŽĚƵĐƟŽŶ ŽĨ
ɴͲůĂĐƚĂŵĂƐĞƐ͘ ŶŽƚŚĞƌ ǀĞƌǇ ĞīĞĐƟǀĞ ƌĞƐŝƐƚĂŶĐĞ ŵĞĐŚĂŶŝƐŵ ŝƐ ƚŚĞ ĂůƚĞƌĂƟŽŶ
ŽĨƚŚĞĂŶƟďŝŽƟĐƚĂƌŐĞƚ͕ĂƐĞǆĞŵƉůŝĮĞĚďǇŵƵƚĂƚĞĚWWƐǁŝƚŚƐĞǀĞƌĞůǇƌĞĚƵĐĞĚ
ĂĸŶŝƚǇĨŽƌɴͲůĂĐƚĂŵĂŶƟďŝŽƟĐƐ 46͘dŚŝƐŵĞĐŚĂŶŝƐŵŝƐ͕ĨŽƌĞǆĂŵƉůĞ͕ƌĞƐƉŽŶƐŝďůĞ













ĂŶĚ ŵŽůĞĐƵůĂƌ ŵĞĐŚĂŶŝƐŵƐ ƵŶĚĞƌůǇŝŶŐ ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ ŚĂƐ ďĞĞŶ ŵĂĚĞ
possible by the advent of advanced genomics and proteomics technologies. A
ŵĂũŽƌŚĂůůŵĂƌŬǁĂƐƚŚĞĮƌƐƚƉƵďůŝĐĂƟŽŶŽĨƚǁŽĐŽŵƉůĞƚĞďĂĐƚĞƌŝĂůŐĞŶŽŵĞƐŝŶ
1995 48,49͘^ ŝŶĐĞƚŚĞŶ͕ƚŚĞƉŽƐƐŝďŝůŝƟĞƐĨŽƌǁŚŽůĞͲŐĞŶŽŵĞƐĞƋƵĞŶĐŝŶŐ;t'^ͿŚĂǀĞ




ϮϬϭϭ͕ E'^ ƚĞĐŚŶŽůŽŐǇ ŝƐ ŝŶĐƌĞĂƐŝŶŐůǇ ƉƌĞĨĞƌƌĞĚ ŽǀĞƌ ƚƌĂĚŝƟŽŶĂů ĂƉƉƌŽĂĐŚĞƐ
ƚŽ ĚĞƚĞĐƚ ĂŶĚ ŵĂŶĂŐĞ ƚŚĞ ŽƵƚďƌĞĂŬ ŽĨ ŝŶĨĞĐƟŽŶƐ ŝŶ ŚŽƐƉŝƚĂů ƐĞƫŶŐƐ 50,51. 
ĚĚŝƟŽŶĂůůǇ͕ E'^ŚĂƐďĞĞŶƐƵĐĐĞƐƐĨƵůůǇĂƉƉůŝĞĚƚŽŝŵƉƌŽǀĞƚŚĞĞƉŝĚĞŵŝŽůŽŐŝĐĂů
ĂŶĂůǇƐŝƐŽĨĂǁŝĚĞ ƌĂŶŐĞŽĨ ĐůŝŶŝĐĂů ŝƐŽůĂƚĞƐ ƚŽƵŶĚĞƌƐƚĂŶĚ ƚŚĞ ƐŝŵŝůĂƌŝƟĞƐĂŶĚ




ǀŝƌƵůĞŶĐĞ ŐĞŶĞƐ ĂŶĚŵŽďŝůĞ ŐĞŶĞƟĐ ĞůĞŵĞŶƚƐ ŝŶ ŽŶůŝŶĞ ĂĐĐĞƐƐŝďůĞ ĚĂƚĂďĂƐĞƐ͕
which can be consulted to achieve a deeper understanding of the nature of 
ƉĂƌƟĐƵůĂƌ ƉĂƚŚŽŐĞŶƐ ĂŶĚ ƚŽ ŐƵŝĚĞ ĂŶƟŵŝĐƌŽďŝĂů ƚŚĞƌĂƉǇ 51͘ &ŽƌƚƵŶĂƚĞůǇ͕  ďĂƐŝĐ
ƌĞƐĞĂƌĐŚŚĂƐĂůƐŽďĞŶĞĮƩĞĚĨƌŽŵƚŚĞŵĂƐƐŝǀĞƌĞĚƵĐƟŽŶŝŶƐĞƋƵĞŶĐŝŶŐĐŽƐƚƐ͕ĂŶĚ
ŝƚŝƐŶŽǁƉŽƐƐŝďůĞƚŽŝŶǀĞƐƟŐĂƚĞǀŝƌƚƵĂůůǇĂŶǇďĂĐƚĞƌŝĂůŝƐŽůĂƚĞĚŝƌĞĐƚůǇďǇt'^͘
This obviates the need for genome sequences of type strains for performing
ƐŽƉŚŝƐƟĐĂƚĞĚĚŽǁŶƐƚƌĞĂŵĂŶĂůǇƐĞƐ͕ƐƵĐŚĂƐƉƌŽƚĞŽŵŝĐƐ͕ĂƐǁĂƐƚŚĞĐĂƐĞƵŶƟů
only a few years ago.
The detailed analysis of the total protein complement of an organism by mass 
ƐƉĞĐƚƌŽŵĞƚƌǇ;D^Ϳ͕ŐĞŶĞƌĂůůǇƌĞĨĞƌƌĞĚƚŽĂƐƉƌŽƚĞŽŵŝĐƐ͕ĂůůŽǁƐŝŶƚĞŐƌĂƟǀĞƐƚƵĚŝĞƐ
ŽĨŵŽůĞĐƵůĂƌĨƵŶĐƟŽŶƐĂŶĚďŝŽůŽŐŝĐĂůƉƌŽĐĞƐƐĞƐƚŚĂƚƚĂŬĞƉůĂĐĞĂƚƚŚĞŵŽŵĞŶƚ
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be established 54͘YƵĂůŝƚĂƟǀĞ ƉƌŽƚĞŽŵŝĐƐ ĂƉƉƌŽĂĐŚĞƐ ŚĂǀĞ ďĞĞŶ ŝŶƐƚƌƵŵĞŶƚĂů
ŝŶ ƚŚĞ ŝĚĞŶƟĮĐĂƟŽŶ ŽĨ ƉƌŽƚĞŝŶƐ ƚŚĂƚŵĂŬĞ ƵƉ ƚŚĞ ĐĞůů͘ ,ŽǁĞǀĞƌ͕  ƋƵĂŶƟƚĂƟǀĞ
ƉƌŽƚĞŽŵŝĐƐĂƉƉƌŽĂĐŚĞƐĐĂŶŶŽǁĂĚĂǇƐďĞĂƉƉůŝĞĚƚŽĂĐĐƵƌĂƚĞůǇŵĞĂƐƵƌĞƌĞůĂƟǀĞ
and absolute protein abundances, thereby providing important clues about 
ƚŚĞƉƌŽĐĞƐƐĞƐƚŚĂƚĂĐƚƵĂůůǇ ƚĂŬĞƉůĂĐĞ ŝŶƚŚĞ ůŝǀŝŶŐĐĞůů͕ĂĚĚŝŶŐŵŽƌĞŵĞĂŶŝŶŐ
ƚŽƐŝŵƉůĞŽďƐĞƌǀĂƟŽŶƐ͘/ŶƉĂƌƟĐƵůĂƌ͕ ƵƐŝŶŐƋƵĂŶƟƚĂƟǀĞƉƌŽƚĞŽŵŝĐƐĂƉƉƌŽĂĐŚĞƐ
55,56,57͕ ƚŚĞ ĞǆƉƌĞƐƐŝŽŶ ŽĨ ƉƌŽƚĞŝŶƐ ŝŶ ƌĞƐƉŽŶƐĞ ƚŽ ĐŚĂŶŐŝŶŐ ĐŽŶĚŝƟŽŶƐ ĐĂŶ ďĞ
measured precisely, providing insights into the mechanisms that underlie the
ƉƌŽĐĞƐƐĞƐĞŵƉůŽǇĞĚďǇƚŚĞĐĞůůƚŽĂƉƉƌŽƉƌŝĂƚĞůǇƌĞƐƉŽŶĚƚŽƚŚĞŶĞǁƐŝƚƵĂƟŽŶ͘
dŚĞŝŶƚĞƌƉƌĞƚĂƟŽŶŽĨůĂƌŐĞŐĞŶŽŵŝĐƐĂŶĚƉƌŽƚĞŽŵŝĐƐĚĂƚĂƐĞƚƐŝƐŽŶůǇƉŽƐƐŝďůĞ
ǁŝƚŚ ĂĚǀĂŶĐĞĚ ďŝŽͲŝŶĨŽƌŵĂƟĐƐ ƚŽŽůƐ͘ &ŽƌƚƵŶĂƚĞůǇ͕  ƚŚĞ ďŝŽͲŝŶĨŽƌŵĂƟĐƐ ƚŽŽůďŽǆ
is constantly growing, which is of great help to elucidate and understand the 
ĐŽŵƉůĞǆƌĞůĂƟŽŶƐŚŝƉƐƚŚĂƚĞǆŝƐƚďĞƚǁĞĞŶƚŚĞŐĞŶĞƟĐŵĂŬĞƵƉŽĨĂŶŽƌŐĂŶŝƐŵĂŶĚ
ƚŚĞĞǆƉƌĞƐƐŝŽŶŽĨŝƚƐƉƌŽƚĞŝŶƐƵŶĚĞƌŵĂŶǇĚŝīĞƌĞŶƚĐŽŶĚŝƟŽŶƐ͘dŚŝƐƉƌŽĐĞƐƐŽĨ
integrated genomics and proteomics analyses, also referred to as proteogenomics 
58,59,60,61͕ŝƐŽƉĞŶŝŶŐƵƉĂĐŽŵƉůĞƚĞůǇŶĞǁǁŝŶĚŽǁŽĨŽƉƉŽƌƚƵŶŝƟĞƐƚŽĂƉƉƌĞĐŝĂƚĞ
ƚŚĞĐŽŵƉůĞǆŝƟĞƐŽĨƚŚĞůŝǀŝŶŐďĂĐƚĞƌŝĂůĐĞůůĂŶĚŝƚƐƌĞƐƉŽŶƐĞƐĂŶĚĂĚĂƉƚĂƟŽŶƐƚŽ
ĞŶǀŝƌŽŶŵĞŶƚĂů ƉĞƌƚƵƌďĂƟŽŶƐ͘ /Ŷ ƚŚĞ ĐŽŶƚĞǆƚŽĨďĂĐƚĞƌŝĂů ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ͕
ƚŚĞĐŽŵďŝŶĞĚĂƉƉůŝĐĂƟŽŶŽĨŐĞŶŽŵŝĐƐ͕ƉƌŽƚĞŽŵŝĐƐĂŶĚĂĚǀĂŶĐĞĚďŝŽŝŶĨŽƌŵĂƟĐƐ
ŵĂǇ͕  ŽŶ ƚŚĞ ůŽŶŐ ƚĞƌŵ͕ ƉƌŽǀŝĚĞ ŶĞǁ ĂǀĞŶƵĞƐ ĨŽƌ ƚŚĞ ƌĂƟŽŶĂů ĂƉƉůŝĐĂƟŽŶ ŽĨ
ƉĞƌƐŽŶĂůŝǌĞĚ ĂŶƟŵŝĐƌŽďŝĂů ƚŚĞƌĂƉŝĞƐ ǁŝƚŚ ŵĂǆŝŵƵŵ ĞĸĐĂĐǇ ĂŶĚ ŵŝŶŝŵĂů
resistance development.
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   Enterobacter cloacae
&ŝŐƵƌĞϱ͗ůĞĐƚƌŽŶŵŝĐƌŽŐƌĂƉŚŽĨďĂĐƚĞƌŝĂďĞůŽŶŐŝŶŐƚŽƚŚĞ Enterobacter cloacaeĐŽŵƉůĞǆ͘
>ĞŌ ƉĂŶĞů͕ Enterobacter roggenkampii͖ right panel, Enterobacter cloacae type strain 
ATCC 13047.
ŐƌŽƵƉŽĨďĂĐƚĞƌŝĂƚŚĂƚ ŝŶĐƌĞĂƐŝŶŐůǇĐĂƵƐĞƐĚŝĸĐƵůƚͲƚŽͲƚƌĞĂƚ ŝŶĨĞĐƟŽŶƐĚƵĞƚŽ
ŚŝŐŚ ůĞǀĞůƐ ŽĨ ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ ŝƐ ĨŽƌŵĞĚ ďǇ ƚŚĞ Enterobacteriaceae. The 
species belonging to this group of bacteria that currently cause most problems 
ŝŶƚŚĞĐůŝŶŝĐĚƵĞƚŽĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞĂƌĞE. coli and K. pneumoniae. However,
Ă ƌĂƉŝĚůǇ ĞŵĞƌŐŝŶŐ ƌĞƉƌĞƐĞŶƚĂƟǀĞ ŽĨ ƚŚŝƐ ŐƌŽƵƉ ǁŝƚŚ ŝŶĐƌĞĂƐĞĚ ƌĞƐŝƐƚĂŶĐĞ ƚŽ
ĂŶƟďŝŽƟĐƐŝƐEnterobacter cloacae;&ŝŐƵƌĞϱͿ͘>ŝŬĞŽƚŚĞƌEnterobacteriaceae, E. 
cloacae ŝƐĂ'ƌĂŵͲŶĞŐĂƟǀĞ͕ĨĂĐƵůƚĂƟǀĞĂŶĂĞƌŽďŝĐ͕ƌŽĚƐŚĂƉĞĚďĂĐƚĞƌŝƵŵ͘KĨŶŽƚĞ͕
this species was originally named Bacillus cloacae in 1890, but it has undergone
ĂŶƵŵďĞƌŽĨŶĂŵĞĐŚĂŶŐĞƐĚƵƌŝŶŐƚŚĞƉĂƐƚĐĞŶƚƵƌǇ͕ ĂŶĚǁĂƐĮŶĂůůǇŶĂŵĞĚE.
cloacae in 1960 62͘ĂƐĞĚŽŶƐŚĂƌĞĚƉŚĞŶŽƚǇƉŝĐĂŶĚŵŽůĞĐƵůĂƌĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͕
the E. cloacae ĐŽŵƉůĞǆĐĂŶďĞĚŝīĞƌĞŶƟĂƚĞĚŝŶϭϯĐůƵƐƚĞƌƐŽĨEnterobacter (sub-)
ƐƉĞĐŝĞƐ͕ĂůůŽǁŝŶŐĨŽƌĂŵŽƌĞƉƌĞĐŝƐĞƐƉĞĐŝĞƐŝĚĞŶƟĮĐĂƟŽŶ 63.
The occurrence of E. cloacae is widespread, ranging from natural environments, 
ƐƵĐŚ ĂƐ ƚŚĞ ƐŽŝů͕ ƚŽ ƚŚĞŚƵŵĂŶŐĂƐƚƌŽŝŶƚĞƐƟŶĂů ƚƌĂĐƚ͘ dŚŝƐ ďĂĐƚĞƌŝƵŵŚĂƐ ĂůƐŽ
ŐĂƌŶĞƌĞĚ ŝŶƚĞƌĞƐƚ ĨŽƌ ƚŚĞ ƌĞŵĞĚŝĂƟŽŶŽĨ ĐĞƌƚĂŝŶ ĞŶǀŝƌŽŶŵĞŶƚĂů ƉŽůůƵƟŽŶƐ͕ ĂƐ
ĞǆĞŵƉůŝĮĞĚ ďǇ ƐĞůĞŶŝƵŵͲ Žƌ ƉĞƚƌŽůĞƵŵͲĐŽŶƚĂŵŝŶĂƚĞĚ ƐŽŝůƐ 64 and it is even 
ĂƉƉůŝĞĚ ĨŽƌ ďŝŽͲĂƵŐŵĞŶƚĂƟŽŶ ŝŶ ƚŚĞ ƉƌŽĚƵĐƟŽŶ ŽĨ ďŝŽŐĂƐ 65. In more recent
years, the focus of research on E. cloacaeŚĂƐƐŚŝŌĞĚƚŽŝƚƐĐůŝŶŝĐĂůŵĂŶŝĨĞƐƚĂƟŽŶ͘
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dŚŝƐ ďĂĐƚĞƌŝƵŵ͕ ŝŶ ĨĂĐƚ͕ ĐĂŶ ĐĂƵƐĞ ŽƉƉŽƌƚƵŶŝƐƟĐ ŝŶĨĞĐƟŽŶƐ ĂŶĚ ŚĂƐ ƌĞĐĞŶƚůǇ
emerged as a nosocomial pathogen, especially in intensive care units. In the 
ĐůŝŶŝĐĂů ƐĞƫŶŐ͕ E. cloacae ŚĂƐ ŶŽǁ ďĞĞŶ ŝĚĞŶƟĮĞĚ ĂƐ ƚŚĞ ĐĂƵƐĂƟǀĞ ĂŐĞŶƚ
ŽĨ ƐŬŝŶ ĂŶĚ ƐŽŌ ƟƐƐƵĞ ŝŶĨĞĐƟŽŶƐ͕ ƌĞƐƉŝƌĂƚŽƌǇ ĂŶĚ ƵƌŝŶĂƌǇ ƚƌĂĐƚ ŝŶĨĞĐƟŽŶƐ͕
ŝŶƚƌĂͲĂďĚŽŵŝŶĂů ŝŶĨĞĐƟŽŶƐ͕ ďĂĐƚĞƌĞŵŝĂ͕ ĞŶĚŽĐĂƌĚŝƟƐ͕ ĂŶĚ ƐĞƉƟĐ ĂƌƚŚƌŝƟƐ ŝŶ
ŝŵŵƵŶŽĐŽŵƉƌŽŵŝƐĞĚ ƉĂƟĞŶƚƐ 66,67,68. Moreover, bacteria belonging to the E. 
cloacae ĐŽŵƉůĞǆŚĂǀĞďĞĞŶƐŚŽǁŶƚŽĐĂƵƐĞŽƐƚĞŽŵǇĞůŝƟƐƵƉŽŶďŽŶĞŝŶĨĞĐƟŽŶ
69. 
E. cloacae ƐŚŽǁƐ ŶĂƚƵƌĂů ƌĞƐŝƐƚĂŶĐĞ ƚŽ ŵĂŶǇ ĐůĂƐƐĞƐ ŽĨ ɴͲůĂĐƚĂŵ ĂŶƟďŝŽƟĐƐ͕
which relates to inducible chromosomal ampCŐĞŶĞƐĞŶĐŽĚŝŶŐɴͲůĂĐƚĂŵĂƐĞƐƚŚĂƚ
can be produced in high levels 70͘/ŶĂĚĚŝƟŽŶ͕ E. cloacae may acquire resistance 
ƚŽĂůůĂŶƟďŝŽƟĐĐůĂƐƐĞƐďǇĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞŐĞŶĞƐĞŶĐŽĚĞĚŽŶƉůĂƐŵŝĚƐ 71. 
Altogether, it seems that E. cloacaeŝƐĂŶĞŵĞƌŐŝŶŐŽƉƉŽƌƚƵŶŝƐƟĐƉĂƚŚŽŐĞŶƚŚĂƚ
ŝƐŝŶĐƌĞĂƐŝŶŐůǇĐŚĂƌĂĐƚĞƌŝǌĞĚďǇŚŝŐŚͲůĞǀĞůĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞ͘
^ĐŽƉĞŽĨƚŚĞƚŚĞƐŝƐ
The PhD research described in this thesis was aimed at obtaining a proteogenomic
ǀŝĞǁ ŽŶ ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ ŝŶ ĐůŝŶŝĐĂů Enterobacter ŝƐŽůĂƚĞƐ͘ /Ŷ ƉĂƌƟĐƵůĂƌ͕ 
ƚŚĞ ƌĞƐĞĂƌĐŚƐƚĂƌƚĞĚǁŝƚŚ ƚŚĞ ŝƐŽůĂƟŽŶŽĨĂĐĂƌďĂƉĞŶĞŵƌĞƐŝƐƚĂŶƚ ŝƐŽůĂƚĞ ƚŚĂƚ
ǁĂƐŝŶŝƟĂůůǇŝĚĞŶƟĮĞĚĂƐE. cloacae͘dŚŝƐǁĂƐĂŶƵŶƵƐƵĂůŽďƐĞƌǀĂƟŽŶƚŚĂƚǁĂƐ
ĨŽůůŽǁĞĚƵƉďǇƚŚĞŝŶͲĚĞƉƚŚĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶŽĨƚŚŝƐ ŝƐŽůĂƚĞĂƚƚŚĞƉŚĞŶŽƚǇƉŝĐ͕
ŐĞŶŽƚǇƉŝĐ ĂŶĚ ƉƌŽƚĞŽŵŝĐ ůĞǀĞůƐ͘ ^ƵďƐĞƋƵĞŶƚůǇ͕  ƚŚĞ ƉƌŽƉĞƌƟĞƐ ŽĨ ƚŚŝƐ ŝƐŽůĂƚĞ
ǁĞƌĞĐŽŵƉĂƌĞĚ ƚŽ ƚŚŽƐĞŽĨĂŶŽƚŚĞƌƵŶƵƐƵĂů ĐŽůůĞĐƟŽŶŽĨ ŝƐŽůĂƚĞƐ͕Ăůů ŝŶŝƟĂůůǇ
ĐůĂƐƐŝĮĞĚ ĂƐ E. cloacae ƚŚĂƚǁĞƌĞ ĂƐƐŽĐŝĂƚĞĚǁŝƚŚ ďŽŶĞ ŝŶĨĞĐƟŽŶƐ͘ dŚĞ ƐƚĂŐĞ
ĨŽƌ ƚŚĞĚĞƐĐƌŝƉƟŽŶŽĨ ƚŚĞƐĞĂŶĂůǇƐĞƐ ŝƐ ƐĞƚ ŝŶ ŚĂƉƚĞƌ ϭ of this thesis, which 
ĚĞƐĐƌŝďĞƐ ƚŚĞ ŚŝƐƚŽƌŝĐ ĐŽŶƚĞǆƚ ŽĨ ƌĞƐĞĂƌĐŚ ŽŶ ĂŶƟďŝŽƟĐƐ͕ ĂĚĚƌĞƐƐĞƐ ƌĞůĞǀĂŶƚ
ŵŽůĞĐƵůĂƌŵĞĐŚĂŶŝƐŵƐĨŽƌĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞ͕ŝŶƚƌŽĚƵĐĞƐƚŚĞƐƚƌĞŶŐƚŚŽĨƚŚĞ
ƚĞĐŚŶŽůŽŐǇ ƚŚĂƚǁĂƐ ŝŵƉůĞŵĞŶƚĞĚ ĨŽƌ ƚŚĞ ŚĞƌĞ ƉƌĞƐĞŶƚĞĚ ŝŶǀĞƐƟŐĂƟŽŶƐ͕ ĂŶĚ
ďƌŝĞŇǇŚŝŐŚůŝŐŚƚƐ ƚŚĞ ĂďƵŶĚĂŶĐĞ ĂŶĚĚŝǀĞƌƐŝƚǇ ŽĨE. cloacae ranging from the
ĞŶǀŝƌŽŶŵĞŶƚƚŽƚŚĞŚƵŵĂŶŐĂƐƚƌŽŝŶƚĞƐƟŶĂůƚƌĂĐƚ͘
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The studies described in ŚĂƉƚĞƌϮ ƐƚĂƌƚĞĚǁŝƚŚƚŚĞŝƐŽůĂƟŽŶŽĨďĂĐƚĞƌŝĂĨƌŽŵĂ
ĨŶĞŽŶĂƚĂůǁĂƌĚƚŚĂƚĚŝƐƉůĂǇĞĚƵŶƵƐƵĂůĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞƉŚĞŶŽƚǇƉĞƐ͘KŶĞŽ 
these isolates, which belongs to the E. cloacaeĐŽŵƉůĞǆĂŶĚŚĂƐƚŚĞƐĞƋƵĞŶĐĞ
ƚǇƉĞ;^dͿϮϯϮ͕ĞǆƉƌĞƐƐĞĚĂŶŽǀĞůŵƉƚǇƉĞɴͲůĂĐƚĂŵĂƐĞŶĂŵĞĚD/ZϭϳƚŚĂƚŚĂƐ
ĐĂƌďĂƉĞŶĞŵĂƐĞĂĐƟǀŝƚǇ͘^ƵďƐĞƋƵĞŶƚĐŽŵƉĂƌŝƐŽŶŽĨƚŚĞŐĞŶŽŵĞŽĨƚŚŝƐŝƐŽůĂƚĞ
with genomes of other E. cloacae, K. pneumoniae, and E. coli isolates unveiled 
ƚŚĞĞǆŝƐƚĞŶĐĞŽĨĂ ĨĂŵŝůǇŽĨĂŶĐŝĞŶƚŵŽďŝůĞŐĞŶŽŵŝĐ ŝƐůĂŶĚƐ ;D'/ƐͿ ƚŚĂƚǁĞƌĞ
ĂƉƉĂƌĞŶƚůǇĞǆĐŚĂŶŐĞĚ ůŽŶŐďĞĨŽƌĞ ƚŚĞƐƉĞĐŝĞƐE. cloacae, K. pneumoniae and
E. coli emerged from their common ancestry.dŚĞƌĞƉƌĞƐĞŶƚĂƟǀĞD'/ĨƌŽŵE.
cloacaeǁĂƐŶĂŵĞĚD/ZϭϳͲ'/͕ďĞĐĂƵƐĞŝƚŚĂƌďŽƌƐƚŚĞŚŝŐŚůǇĞǆƉƌĞƐƐĞĚ blaMIR17
ŐĞŶĞ͘ /ŵƉŽƌƚĂŶƚůǇ͕  ƚŚĞ ŝĚĞŶƟĮĞĚ D/ZϭϳͲ'/ͲůŝŬĞ D'/Ɛ ǁĞƌĞ ƐŚŽǁŶ ƚŽ ŚĂƌďŽƌ
genes associated with high-level resistance to cephalosporins and, among them,
ƚŚĞD/ZϭϳͲ'/ƐƚĂŶĚƐŽƵƚďĞĐĂƵƐĞD/ZϭϳĚŝƐƉůĂǇƐĐĂƌďĂƉĞŶĞŵĂƐĞĂĐƟǀŝƚǇ͘
KĨŶŽƚĞ͕ĂĐĂƌĞĨƵůĨŽůůŽǁͲƵƉĂŶĂůǇƐŝƐŽĨƚŚĞŐĞŶŽŵĞƐĞƋƵĞŶĐĞŽĨƚŚĞŝŶǀĞƐƟŐĂƚĞĚ
‘E. cloacae͛ ^dϮϯϮ ŝƐŽůĂƚĞ ƐŚŽǁĞĚ ƚŚĂƚ ƚŚŝƐ ŝƐŽůĂƚĞ ŝƐ ŵŽƐƚ ƐŝŵŝůĂƌ ƚŽ ƐĞǀĞƌĂů
sequenced Enterobacter roggenkampii isolates, which also belong to the E. 
cloacae ĐŽŵƉůĞǆ͘dŽĂǀŽŝĚĨƵƚƵƌĞĐŽŶĨƵƐŝŽŶĂďŽƵƚƚŚĞƚƌƵĞŶĂƚƵƌĞŽĨƚŚŝƐŝƐŽůĂƚĞ͕
in what follows this isolate is referred to as E. roggenkampii.
dŚĞŬĞǇŽďũĞĐƟǀĞŽĨ ƐƚƵĚŝĞƐĚĞƐĐƌŝďĞĚ ŝŶŚĂƉƚĞƌϯǁĂƐ ƚŽĮŶĚŽƵƚǁŚĞƚŚĞƌ͕
ĂŶĚ ŝĨ ƐŽ͕ ŚŽǁŚŝŐŚůǇ ĚƌƵŐ ƌĞƐŝƐƚĂŶƚ ďĂĐƚĞƌŝĂ͕ ůŝŬĞ ƚŚĞE. roggenkampii ^dϮϯϮ
isolate characterized in Chapter 2, respond to the presence of carbapenems.
dŽĂĚĚƌĞƐƐ ƚŚŝƐƋƵĞƐƟŽŶ͕ ƚŚĞ ƌĞƐƉŽŶƐĞƐŽĨ ƚŚĞE. roggenkampii ^dϮϯϮ ŝƐŽůĂƚĞ
ƚŽƚŚĞĐĂƌďĂƉĞŶĞŵŝŵŝƉĞŶĞŵǁĞƌĞĐŚĂƌƚĞĚƵƐŝŶŐĂ͚^ƚĂďůĞ/ƐŽƚŽƉĞ>ĂďĞůůŝŶŐŽĨ
ŵŝŶŽĂĐŝĚƐŝŶĞůůĐƵůƚƵƌĞ͛;^/>ͿĂƉƉƌŽĂĐŚĨŽƌƋƵĂŶƟƚĂƟǀĞŵĂƐƐƐƉĞĐƚƌŽŵĞƚƌǇ͘
The results unveil diverse responses of E. roggenkampii ^dϮϯϮ ƚŽ ŝŵŝƉĞŶĞŵ͕
especially altered levels of proteins involved in cell wall biogenesis, central carbon 
ŵĞƚĂďŽůŝƐŵ͕ƌĞƐƉŝƌĂƟŽŶ͕ŝƌŽŶͲƐƵůƉŚƵƌĐůƵƐƚĞƌƐǇŶƚŚĞƐŝƐĂŶĚŵĞƚĂůŚŽŵĞŽƐƚĂƐŝƐ͘
Altogether, the results imply that the imipenem-challenged bacteria try to 
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of the carbapenem resistant E. roggenkampii^ dϮϯϮŝƐŽůĂƚĞĚĞƐĐƌŝďĞĚŝŶŚĂƉƚĞƌƐ
ϮĂŶĚϯƚŽĂƐĞƚŽĨĐĂƌďĂƉĞŶĞŵƐĞŶƐŝƟǀĞE. cloacae and Enterobacter hormaechi 
ŝƐŽůĂƚĞƐŝŵƉůŝĐĂƚĞĚŝŶďŽŶĞŝŶĨĞĐƟŽŶƐ͘dŚĞƐĞƐƚƵĚŝĞƐŚŝŐŚůŝŐŚƚƚŚĞŐĞŶŽŵŝĐĂŶĚ
proteomic diversity of isolates belonging to the E. cloacaeĐŽŵƉůĞǆ͘
ŚĂƉƚĞƌ ϱ ĚĞƐĐƌŝďĞƐ ƚŚĞ ĐŽŵƉĂƌĂƟǀĞ ĂŶĂůǇƐŝƐ ŽĨ ƚǁŽ ƉůĂƐŵŝĚƐ ĐĂƌƌǇŝŶŐ ƚŚĞ
blaOXA-427 ŐĞŶĞ͕ǁŚŝĐŚǁĞƌĞŝĚĞŶƟĮĞĚŝŶ K. pneumoniae and E cloacaeĐŽŵƉůĞǆ
strains isolated from a Belgian hospital. The two IncA/C2 plasmids share the
ƐĂŵĞďĂĐŬďŽŶĞ͕ďƵƚŝŶƚŚĞK. pneumoniae strain this plasmid is cointegrated into 
ĂŶ/ŶĐ&/ƉůĂƐŵŝĚĨŽƌŵŝŶŐĂϯϮϭͲŬďŵĞŐĂƉůĂƐŵŝĚǁŝƚŚŵƵůƟƉůĞŵƵůƟͲƌĞƐŝƐƚĂŶĐĞ
regions. The results show that OXA-427 is a new class-D carbapenemase that can 
ďĞĞŶĐŽƵŶƚĞƌĞĚŝŶĚŝīĞƌĞŶƚEnterobacteriaceael species. 












ϯ͘ ŚĂŶĚǁĂĚŬĂƌ͕ W͘ ͕DŝƐƌĂ͕,͘^͘ΘĐŚĂƌǇĂ͕͘hƌĂŶŝƵŵďŝŽŵŝŶĞƌĂůŝǌĂƟŽŶŝŶĚƵĐĞĚ
ďǇĂŵĞƚĂůƚŽůĞƌĂŶƚ͗^ĞƌƌĂƟĂƐƚƌĂŝŶƵŶĚĞƌĂĐŝĚ͕ĂůŬĂůŝŶĞĂŶĚŝƌƌĂĚŝĂƚĞĚĐŽŶĚŝƟŽŶƐ͘
Metallomics 10, 1078–1088 (2018).
ϰ͘ >ŝƵ͕:͘ĞƚĂů͘WƌŽůŝĨĞƌĂƟŽŶŽĨŚǇĚƌŽĐĂƌďŽŶͲĚĞŐƌĂĚŝŶŐŵŝĐƌŽďĞƐĂƚƚŚĞďŽƩŽŵŽĨ
the Mariana Trench. Microbiome 7, 1–13 (2019).
ϱ͘ ŝŶŬĞ͕>͘͘ĞƚĂů͘dŚƌŝǀŝŶŐŽƌƐƵƌǀŝǀŝŶŐ͍ǀĂůƵĂƟŶŐĂĐƟǀĞŵŝĐƌŽďŝĂůŐƵŝůĚƐŝŶĂůƟĐ
^ĞĂƐĞĚŝŵĞŶƚ͘ŶǀŝƌŽŶ͘DŝĐƌŽďŝŽů͘ZĞƉ͘ϵ͕ϱϮϴʹϱϯϲ;ϮϬϭϳͿ͘




ϴ͘ zĂŶŐ͕Y͘͕͘ŐŽƵƌŝ͕^ ͘Z͕͘dǇƌƌĞůů͕:͘D͘ΘtĂůƐŚ͕d͘ Z͘,ĞĂǀǇŵĞƚĂůƌĞƐŝƐƚĂŶĐĞŐĞŶĞƐ
are associated with bla NDM-1 - and bla CTX-M-15 -carrying Enterobacteriaceae. 
ŶƟŵŝĐƌŽď͘ŐĞŶƚƐŚĞŵŽƚŚĞƌ͘ ϲϮ͕ϰʹϭϬ;ϮϬϭϴͿ͘
ϵ͘ >ƵĚĚĞŶ͕ ͘ Ğƚ Ăů͘ ^ŚĂƌŝŶŐ ŽĨ ĐĂƌďĂƉĞŶĞŵĂƐĞͲĞŶĐŽĚŝŶŐ ƉůĂƐŵŝĚƐ ďĞƚǁĞĞŶ
Enterobacteriaceae ŝŶ h< ƐĞǁĂŐĞ ƵŶĐŽǀĞƌĞĚ ďǇDŝŶ/KE ƐĞƋƵĞŶĐŝŶŐ͘DŝĐƌŽď͘




11. Kinashi, H. Giant linear plasmids in Streptomyces͗ƚƌĞĂƐƵƌĞƚƌŽǀĞŽĨĂŶƟďŝŽƟĐ
ďŝŽƐǇŶƚŚĞƟĐĐůƵƐƚĞƌƐ͘:͘ŶƟďŝŽƚ͘;dŽŬǇŽͿ͘ϲϰ͕ϭϵʹϮϱ;ϮϬϭϭͿ͘
ϭϮ͘ 'ƌŝĸƚŚƐ͕͘:͘&͘ EĂƚƵƌĂůƉůĂƐŵŝĚƐŽĨĮůĂŵĞŶƚŽƵƐĨƵŶŐŝ͘DŝĐƌŽďŝŽů͘ZĞǀ͘ ϱϵ͕ϲϳϯʹ
685 (1995).
ϭϯ͘ ŽďƌŝŶĚƚ͕ h͕͘ ,ŽĐŚŚƵƚ͕ ͕͘ ,ĞŶƚƐĐŚĞů͕ h͘ Θ ,ĂĐŬĞƌ͕  :͘ 'ĞŶŽŵŝĐ ŝƐůĂŶĚƐ ŝŶ









Processed on: 13-11-2019 PDF page: 27
    27







ϭϴ͘ <ĂƐŚƵďĂ͕͘ĞƚĂů͘ŶĐŝĞŶƚƉĞƌŵĂĨƌŽƐƚ ƐƚĂƉŚǇůŽĐŽĐĐŝ ĐĂƌƌǇĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ
ŐĞŶĞƐ͘DŝĐƌŽď͘ĐŽů͘,ĞĂůƚŚŝƐ͘Ϯϴ͕ϭϯϰϱϱϳϰ;ϮϬϭϳͿ͘
ϭϵ͘ WĞƌƌǇ͕  :͕͘tĂŐůĞĐŚŶĞƌ͕ E͘ΘtƌŝŐŚƚ͕'͘ dŚĞ ƉƌĞŚŝƐƚŽƌǇ ŽĨ ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ͘
ŽůĚ^ƉƌŝŶŐ,Ăƌď͘WĞƌƐƉĞĐƚ͘DĞĚ͘ϲ͕ϭʹϴ;ϮϬϭϲͿ͘
ϮϬ͘ <ŽďĂǇĂƐŚŝ͕d͘ ͕EŽŶĂŬĂ͕>͕͘DĂƌƵǇĂŵĂ͕&͘ Θ^ƵǌƵŬŝ͕^͘DŽůĞĐƵůĂƌĞǀŝĚĞŶĐĞĨŽƌƚŚĞ
ĂŶĐŝĞŶƚ ŽƌŝŐŝŶ ŽĨ ƚŚĞ ƌŝďŽƐŽŵĂů ƉƌŽƚĞĐƟŽŶ ƉƌŽƚĞŝŶ ƚŚĂƚŵĞĚŝĂƚĞƐ ƚĞƚƌĂĐǇĐůŝŶĞ
ƌĞƐŝƐƚĂŶĐĞŝŶďĂĐƚĞƌŝĂ͘:͘DŽů͘ǀŽů͘ϲϱ͕ϮϮϴʹϮϯϱ;ϮϬϬϳͿ͘
Ϯϭ͘ ĐŽƐƚĂ͕s͘ D͘ĞƚĂů͘ŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞŝƐĂŶĐŝĞŶƚ͘EĂƚƵƌĞϰϳϳ͕ϰϱϳʹϰϲϭ;ϮϬϭϭͿ͘
ϮϮ͘ &ůĞŵŝŶŐ͕͘KŶƚŚĞĂŶƟďĂĐƚĞƌŝĂůĂĐƟŽŶŽĨĐƵůƚƵƌĞƐŽĨĂ penicillium, with special 
ƌĞĨĞƌĞŶĐĞƚŽƚŚĞŝƌƵƐĞŝŶƚŚĞŝƐŽůĂƟŽŶŽĨ͘ŝŶŇƵĞŶǌĂĞ͘ϭϵϮϵ͘Ƶůů͘tŽƌůĚ,ĞĂůƚŚ
Organ. 79, 780–790 (2001).
Ϯϯ͘ ŽƵůƚŚƵƌƐƚ͕^ ͘:͕͘ĂƌŶĂƌĚ͕͘D͘>͘Θ^ ĂůŵŽŶĚ͕'͘W͘ ͘ZĞŐƵůĂƟŽŶĂŶĚďŝŽƐǇŶƚŚĞƐŝƐ
ŽĨĐĂƌďĂƉĞŶĞŵĂŶƟďŝŽƟĐƐŝŶďĂĐƚĞƌŝĂ͘EĂƚ͘ZĞǀ͘ DŝĐƌŽďŝŽů͘ϯ͕ϮϵϱʹϯϬϲ;ϮϬϬϱͿ͘
Ϯϰ͘ tŽŽůŚŽƵƐĞ͕D͕͘tĂƵŐŚ͕͕͘WĞƌƌǇ͕ D͘Z͘ΘEĂŝƌ͕ ,͘'ůŽďĂůĚŝƐĞĂƐĞďƵƌĚĞŶĚƵĞƚŽ
ĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞͲ^ƚĂƚĞŽĨƚŚĞĞǀŝĚĞŶĐĞ͘:͘'ůŽď͘,ĞĂůƚŚϲ͕ϭʹϱ;ϮϬϭϲͿ͘
Ϯϱ͘ dŽƌũĞƐĞŶ͕ /͘ŶƟŵŝĐƌŽďŝĂů ƌĞƐŝƐƚĂŶĐĞƉƌĞƐĞŶƚƐĂŶ ͚ĂƉŽĐĂůǇƉƟĐ͛ ƚŚƌĞĂƚƐŝŵŝůĂƌ ƚŽ
ƚŚĂƚŽĨĐůŝŵĂƚĞĐŚĂŶŐĞ͕DKǁĂƌŶƐ͘D:ϯϰϲ͕ϮϬϭϯ;ϮϬϭϯͿ͘
Ϯϲ͘ >ǇŶĐŚ͕D͘:͕͘ƌƵƐĂŶŽ͕'͘>͘ΘDŽďůĞǇ͕ ,͘>͘ŵĞƌŐĞŶĐĞŽĨƌĞƐŝƐƚĂŶĐĞƚŽŝŵŝƉĞŶĞŵ
in Pseudomonas aeruginosa͘ ŶƟŵŝĐƌŽď͘ ŐĞŶƚƐ ŚĞŵŽƚŚĞƌ͘  ϯϭ͕ ϭϴϵϮʹϭϴϵϲ
(1987).
Ϯϳ͘ zŝŐŝƚ͕ ,͘ Ğƚ Ăů͘ EŽǀĞů ĂƌďĂƉĞŶĞŵͲ,ǇĚƌŽůǇǌŝŶŐ ďĞƚĂͲ>ĂĐƚĂŵĂƐĞ͕ <WͲϭ͕ ĨƌŽŵ Ă
ĂƌďĂƉĞŶĞŵͲZĞƐŝƐƚĂŶƚ^ƚƌĂŝŶŽĨ͘ ^ŽĐŝĞƚǇϰϱ͕ϭϭϱϭʹϭϭϲϭ;ϮϬϬϭͿ͘
Ϯϴ͘ ĚĞ<ƌĂŬĞƌ͕ D͘͘͕͘ĂǀĞǇ͕  W͘ '͘Θ'ƌƵŶĚŵĂŶŶ͕,͘DŽƌƚĂůŝƚǇĂŶĚŚŽƐƉŝƚĂůƐƚĂǇ
associated with resistant Staphylococcus aureus and Escherichia coli ďĂĐƚĞƌĞŵŝĂ͗
ƐƟŵĂƟŶŐƚŚĞďƵƌĚĞŶŽĨĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞŝŶƵƌŽƉĞ͘W>Ž^DĞĚ͘ϴ͕;ϮϬϭϭͿ͘
Ϯϵ͘ Ğ<ƌĂŬĞƌ͕ D͘͘͕͘tŽůŬĞǁŝƚǌ͕D͕͘ĂǀĞǇ͕ W͘ '͘Θ'ƌƵŶĚŵĂŶŶ͕,͘ůŝŶŝĐĂůŝŵƉĂĐƚ
ŽĨĂŶƟŵŝĐƌŽďŝĂůƌĞƐŝƐƚĂŶĐĞŝŶƵƌŽƉĞĂŶŚŽƐƉŝƚĂůƐ͗ǆĐĞƐƐŵŽƌƚĂůŝƚǇĂŶĚůĞŶŐƚŚŽĨ
hospital stay related to methicillin-resistant Staphylococcus aureus bloodstream 
ŝŶĨĞĐƟŽŶƐ͘ŶƟŵŝĐƌŽď͘ŐĞŶƚƐŚĞŵŽƚŚĞƌ͘ ϱϱ͕ϭϱϵϴʹϭϲϬϱ;ϮϬϭϭͿ͘
ϯϬ͘ 'ƌƵŶĚŵĂŶŶ͕,͕͘ <ƌĂŬĞƌ͕ D͘ĞΘĂǀĞǇ͕  W͘  ŽƌƌĞƐƉŽŶĚĞŶĐĞůŝŶŝĐĂů ŝŵƉĂĐƚ ŽĨ
ĂŶƟŵŝĐƌŽďŝĂůƌĞƐŝƐƚĂŶĐĞථ͗>ĂŶĐĞƚ/ŶĨĞĐƚ͘ŝƐ͘ϭϭ͕ϯϰϰ;ϮϬϭϭͿ͘






















ŽĨ ŵĞƌŽƉĞŶĞŵ ĂŶĚ ŝŵŝƉĞŶĞŵͲĐŝůĂƐƚĂƟŶ͘ ŶƟŵŝĐƌŽď͘ ŐĞŶƚƐ ŚĞŵŽƚŚĞƌ͘  ϰϬ͕
105–109 (1996).
ϯϴ͘ Žǆ͕ '͘ Θ tƌŝŐŚƚ͕ '͘ ͘ /ŶƚƌŝŶƐŝĐ ĂŶƟďŝŽƟĐ ƌĞƐŝƐƚĂŶĐĞ͗ DĞĐŚĂŶŝƐŵƐ͕ ŽƌŝŐŝŶƐ͕
ĐŚĂůůĞŶŐĞƐĂŶĚƐŽůƵƟŽŶƐ͘/Ŷƚ͘:͘DĞĚ͘DŝĐƌŽďŝŽů͘ϯϬϯ͕ϮϴϳʹϮϵϮ;ϮϬϭϯͿ͘
ϯϵ͘ ĂǀŝĞƐ͕:͘ΘĂǀŝĞƐ͕͘KƌŝŐŝŶƐĂŶĚǀŽůƵƟŽŶŽĨŶƟďŝŽƟĐZĞƐŝƐƚĂŶĐĞ͘DŽů͘ŝŽů͘
Rev. Microbiol. Mol. Biol. Rev 74, 417–433 (2010).
ϰϬ͘ ďƌĂŚĂŵW͕ ͘͘ŶĞŶǌǇŵĞĨƌŽŵďĂĐƚĞƌŝĂĂďůĞƚŽĚĞƐƚƌŽǇƉĞŶŝĐůůŝŶ͘ZĞǀ͘ /ŶĨĞĐƚ͘
Dis. 10, 677–8 (1988).
ϰϭ͘ ƵƐŚ͕<͕͘:ĂĐŽďǇ͕ '͘͘ΘDĞĚĞŝƌŽƐ͕͘͘ĨƵŶĐƟŽŶĂůĐůĂƐƐŝĮĐĂƟŽŶƐĐŚĞŵĞĨŽƌ
ďĞƚĂͲůĂĐƚĂŵĂƐĞƐ ĂŶĚ ŝƚƐ ĐŽƌƌĞůĂƟŽŶ ǁŝƚŚ ŵŽůĞĐƵůĂƌ ƐƚƌƵĐƚƵƌĞ ͘ D/E/Zs/t
 &ƵŶĐƟŽŶĂů ůĂƐƐŝĮĐĂƟŽŶ ^ĐŚĞŵĞ ĨŽƌ ďĞƚĂͲ>ĂĐƚĂŵĂƐĞƐ ĂŶĚ /ƚƐ ŽƌƌĞůĂƟŽŶ
ǁŝƚŚ DŽůĞĐƵůĂƌ ^ƚƌƵĐƚƵƌĞ ŽǁŶůŽĂĚĞĚ ĨƌŽŵ ŚƩƉ͗ͬͬĂĂĐ͘ĂƐŵ͘ŽƌŐͬ ŽŶ EŽǀĞŵ͘
ŶƟŵŝĐƌŽď͘ŐĞŶƚƐŚĞŵŽƚŚĞƌ͘ ϯϵ͕ϭϮϭϭʹϭϮϯϯ;ϭϵϵϱͿ͘
ϰϮ͘ ,ĂŶƐŽŶ E͕ ^͘ ͘ ZĞŐƵůĂƟŽŶ ŽĨ ŝŶĚƵĐŝďůĞ ŵƉ ďĞƚĂͲůĂĐƚĂŵĂƐĞ ĞǆƉƌĞƐƐŝŽŶ
among Enterobacteriaceae. Curr. Pharm. Des. 5, 881–94 (1999).
ϰϯ͘ :ĂĐŽďƐ͕ ͕͘ &ƌğƌĞ͕ :͘ D͘ Θ EŽƌŵĂƌŬ͕ ^͘ ǇƚŽƐŽůŝĐ ŝŶƚĞƌŵĞĚŝĂƚĞƐ ĨŽƌ ĐĞůů ǁĂůů
ďŝŽƐǇŶƚŚĞƐŝƐ ĂŶĚ ĚĞŐƌĂĚĂƟŽŶ ĐŽŶƚƌŽů ŝŶĚƵĐŝďůĞ ɴͲůĂĐƚĂŵ ƌĞƐŝƐƚĂŶĐĞ ŝŶ ŐƌĂŵͲ
ŶĞŐĂƟǀĞďĂĐƚĞƌŝĂ͘Ğůůϴϴ͕ϴϮϯʹϴϯϮ;ϭϵϵϳͿ͘
ϰϰ͘ :ĂĐŽďƐ͕ ͕͘ ,ƵĂŶŐ͕ >͘ :͕͘ ĂƌƚŽǁƐŬǇ͕  ͕͘ EŽƌŵĂƌŬ͕ ^͘Θ WĂƌŬ͕ :͘ d͘  ĂĐƚĞƌŝĂů ĐĞůů
ǁĂůůƌĞĐǇĐůŝŶŐƉƌŽǀŝĚĞƐĐǇƚŽƐŽůŝĐŵƵƌŽƉĞƉƟĚĞƐĂƐĞīĞĐƚŽƌƐĨŽƌďĞƚĂͲůĂĐƚĂŵĂƐĞ
ŝŶĚƵĐƟŽŶ͘DK:͘ϭϯ͕ϰϲϴϰʹϰϲϵϰ;ϭϵϵϰͿ͘
ϰϱ͘ :ĂĐŽďǇ͕ '͘͘ŵƉȲͲ>ĂĐƚĂŵĂƐĞƐ͘ůŝŶ͘DŝĐƌŽďŝŽů͘ZĞǀ͘ ϮϮ͕ϭϲϭʹϭϴϮ;ϮϬϬϵͿ͘
ϰϲ͘ ĂƉƵŶ͕ ͕͘ ŽŶƚƌĞƌĂƐͲDĂƌƚĞů͕ ͘ Θ sĞƌŶĞƚ͕ d͘  WĞŶŝĐŝůůŝŶͲďŝŶĚŝŶŐ ƉƌŽƚĞŝŶƐ ĂŶĚ
ɴͲůĂĐƚĂŵƌĞƐŝƐƚĂŶĐĞ͘&D^DŝĐƌŽďŝŽů͘ZĞǀ͘ ϯϮ͕ϯϲϭʹϯϴϱ;ϮϬϬϴͿ͘
ϰϳ͘ ŚĂƌŵĂƌĂũĂ͕͘ d͘  ZŽůĞŽĨ ZĞĂĐƟǀĞKǆǇŐĞŶ ^ƉĞĐŝĞƐ ;ZK^Ϳ ŝŶ dŚĞƌĂƉĞƵƟĐƐ ĂŶĚ
ƌƵŐZĞƐŝƐƚĂŶĐĞŝŶĂŶĐĞƌĂŶĚĂĐƚĞƌŝĂ͘:͘DĞĚ͘ŚĞŵ͘ϲϬ͕ϯϮϮϭʹϯϮϰϬ;ϮϬϭϳͿ͘
537819-L-bw-Nepal
Processed on: 13-11-2019 PDF page: 29
    29






: Ƶůƚ͕ :& dŽŵď͕  ŽƵŐŚĞƌƚǇ͕  :DDĞƌƌŝĐŬ͕  Ğƚ Ăů͘ tŚŽůĞͲŐĞŶŽŵĞ ƌĂŶĚŽŵ
sequencing and assembly of ,ĂĞŵŽƉŚŝůƵƐ ŝŶŇƵĞŶǌĂĞ ZĚ͘ ^ĐŝĞŶĐĞ ;ϴϬͲ͘ Ϳ͘ Ϯϲϵ͕
496–512 (1995).
ϰϵ͘ ůĂŝƌĞD͘&ƌĂƐĞƌ͕  :ĞĂŶŶŝŶĞ͘'ŽĐĂǇŶĞ͕KǁĞŶtŚŝƚĞ͕DĂƌŬ͘ĚĂŵƐ͕ZĞďĞĐĐĂ
͘ůĂǇƚŽŶ͕ZŽďĞƌƚ͘&ůĞŝƐĐŚŵĂŶŶ͕ĂƌŽů:͘Ƶůƚ͕ŶƚŚŽŶǇZ͘<ĞƌůĂǀĂŐĞ͕'ƌĂŶŐĞƌ
^ƵƩŽŶ͕:ĞŶŶǇD͘<ĞůůĞǇ͕ :ĂŶŝĐĞ>͘&ƌŝƚĐŚŵĂŶ͕:ĂŶŝĐĞ&͘ tĞŝĚŵĂŶ͕<ĞŝƚŚs͘ ^ŵĂůů͕









ϱϰ͘ DĂŶŶ͕D͕͘ <ƵůĂŬ͕ E͘ ͕͘ EĂŐĂƌĂũ͕ E͘ Θ Žǆ͕ :͘ dŚĞ ŽŵŝŶŐ ŐĞ ŽĨ ŽŵƉůĞƚĞ͕
ĐĐƵƌĂƚĞ͕ĂŶĚhďŝƋƵŝƚŽƵƐWƌŽƚĞŽŵĞƐ͘DŽůĞĐƵůĂƌĞůůϰϵ͕ϱϴϯʹϱϵϬ;ϮϬϭϯͿ͘
ϱϱ͘ ŚĂƌƌĞƟĞƌ͕ z͘ Θ^ ĐŚƌĞŶǌĞů͕:͘DĂƐƐƐƉĞĐƚƌŽŵĞƚƌǇŵĞƚŚŽĚƐĨŽƌƉƌĞĚŝĐƟŶŐĂŶƟďŝŽƟĐ








ϱϵ͘ >Žǁ͕d͘ z͘ ͕DŽŚƚĂƌ͕ D͘͕͘ŶŐ͕D͘z͘ Θ:ĂŵĂů͕Z͘ŽŶŶĞĐƟŶŐWƌŽƚĞŽŵŝĐƐƚŽEĞǆƚͲ
'ĞŶĞƌĂƟŽŶ^ĞƋƵĞŶĐŝŶŐ͗WƌŽƚĞŽŐĞŶŽŵŝĐƐĂŶĚ/ƚƐƵƌƌĞŶƚƉƉůŝĐĂƟŽŶƐŝŶŝŽůŽŐǇ͘
Proteomics 19, 1–10 (2019).
ϲϬ͘ DĞŶƐĐŚĂĞƌƚ͕ '͘ Θ ĂǀŝĚ͕ &͘  ^ƉĞĐŝĂů /ƐƐƵĞ ŽĨ DĂƐƐ ^ƉĞĐƚƌŽŵĞƚƌǇ ZĞǀŝĞǁƐ ŽŶ
ΘƋƵŽƚ͖ŽŵƉƵƚĞƌƐŝŶDĂƐƐ^ƉĞĐƚƌŽŵĞƚƌǇΘƋƵŽƚ͖͗ΘƋƵŽƚ͖WƌŽƚĞŽŐĞŶŽŵŝĐƐĨƌŽŵĂ
ďŝŽŝŶĨŽƌŵĂƟĐƐĂŶŐůĞ͗ĂŐƌŽǁŝŶŐĮĞůĚΘƋƵŽƚ͖ϯϲ͕ϱϴϰʹϱϵϵ;ϮϬϭϴͿ͘
ϲϭ͘ EĞƐǀŝǌŚƐŬŝŝ͕ ͘ /͘ WƌŽƚĞŽŐĞŶŽŵŝĐƐ͗ ŽŶĐĞƉƚƐ͕ ĂƉƉůŝĐĂƟŽŶƐ ĂŶĚ ĐŽŵƉƵƚĂƟŽŶĂů
strategies. Nat. Methods 11, 1114–1125 (2014).
ϲϮ͘ ,ŽƌŵĂĞĐŚĞ͕ ͕ ͘ථ͖ ĚǁĂƌĚƐ͕ W͘  Z͘  WƌŽƉŽƐĞĚ 'ĞŶƵƐ Enterobacter. Int. Bull.
ĂĐƚĞƌŝŽů͘EŽŵĞŶĐů͘dĂǆŽŶ͘;ϭϵϲϬͿ͘
63. Paauw, A. et al. Genomic Diversity within the Enterobacter cloacae ŽŵƉůĞǆ͘
537819-L-bw-Nepal




ϲϰ͘ ŚĂŶĚƌĂ͕ Z͕͘ ^ŚĂƌŵĂ͕ W͘ ͕ zĂĚĂǀ͕  ^͘Θ dƌŝƉĂƚŚŝ͕ ^͘ ŝŽĚĞŐƌĂĚĂƟŽŶŽĨ ŶĚŽĐƌŝŶĞͲ
ŝƐƌƵƉƟŶŐ ŚĞŵŝĐĂůƐ ĂŶĚ ZĞƐŝĚƵĂů KƌŐĂŶŝĐ WŽůůƵƚĂŶƚƐ ŽĨ WƵůƉ ĂŶĚ WĂƉĞƌDŝůů
ŋƵĞŶƚďǇŝŽƐƟŵƵůĂƟŽŶ͘&ƌŽŶƚ͘DŝĐƌŽďŝŽů͘ϵ͕;ϮϬϭϴͿ͘
ϲϱ͘ <ŽǀĄĐƐ͕ <͘ >͘ Ğƚ Ăů͘ /ŵƉƌŽǀĞŵĞŶƚ ŽĨ ŝŽŐĂƐ WƌŽĚƵĐƟŽŶ ďǇ ŝŽĂƵŐŵĞŶƚĂƟŽŶ͘
Biomed Res. Int. 2013, 1–7 (2013).




Med. 78, 33–40 (1985).
ϲϴ͘ DĞǌǌĂƚĞƐƚĂ͕D͘>͕͘'ŽŶĂ͕&͘ Θ^ƚĞĨĂŶŝ͕^͘Enterobacter cloacae ĐŽŵƉůĞǆ͗ĐůŝŶŝĐĂů
ŝŵƉĂĐƚĂŶĚĞŵĞƌŐŝŶŐĂŶƟďŝŽƟĐƌĞƐŝƐƚĂŶĐĞ͘&ƵƚƵƌĞDŝĐƌŽďŝŽů͘ϳ͕ϴϴϳʹϵϬϮ;ϮϬϭϮͿ͘
ϲϵ͘ ŽƵŝŐĞ͕͘ĞƚĂů͘ŚĂƌĂĐƚĞƌŝƐƟĐƐŽĨEnterobacter cloacaeƉƌŽƐƚŚĞƟĐũŽŝŶƚŝŶĨĞĐƟŽŶƐ͘
Med. Mal. Infect. 49, 511–518 (2019).





Processed on: 13-11-2019 PDF page: 31
    31






Processed on: 13-11-2019 PDF page: 32
